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REVERSE ENGINEERING KANDBOOK

(Guidelines and Procedures)

SCOPE1.0 _

The Competition in contracting Act of 1984 (CICA)
emphEsizee the necessity of competition in all procurements. The
competitive reprocurement of spare parts is dependent upon the
availability of complete and unrestricted Technical Data Packages
(TDPs) . When competition is obstructed by restricted or defi-
cient TDPs, the technical documentation required for production
purposee nay be developed through reveree engineering.

This HANDBOOK provides the guidelines and procedures for
performing reverse engineering, and can be employed by in-house
personnel, engineering services contractors, and manufacturing
contractors performing reverse engineering. The HANDBOOK was
created using current applicable laws and knowledge gained during
a trial program from July 1985 to April 1987, and is based on
experiences obtzined from military and industry participants.

1
The Introduction (para. 2.0) provides pertinent information

concerning Background, Definition/Rationale, the DOD Replenish-
ment Parte Breakout Program - DAR-S6, and Data Righte.

The procedure and guidelines for performing reverse
engineering are arranged sequentially, in the same order that a
Reveree Engineering Process (para. 3.0) could be conducted.
figure

The
titlee contain cross-referencee (in parentheses) to the

pertinent subeectiope involved.

Upon completion of the Reveree Engineering Process, the
Follow-on Considerations (para. 4.0) will include recommendations
for End-Item TDP Update, Integrated Logistics Support (ILS), and
Engineering Recosuiendations.

1

The Appendices provide additional ~information designed to
facilitate understanding of the procese.
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2.0 INTRODUffION

2.1 Background

Defense contractors who supply systems, eguipment and spare
parts during the initial production phase of a weapon syeten
acquisition in which they have performed the development,
frequently become the ~’sole-source” for follow-on procurements.
The cost of items procured under these sole source conditions are
eometimes infleted beyond their true value. Consequently,
procurement costs for spare parts coneume an increasingly larger
shars of the defense dollar. Recent emphaeis on the pricee paid
for spare parts dictates the need for competition.

Congress and the Department of Defense (DoD) directed the
military eervicee to increase competition in an effort to reduce
the cost of spare parts. The Defense Acquisition Regulation
Supplement No. 6 (DAR-S6), dated 1 June 19e3, titled: ~D
Replenishment Parts Breakout Program (see Para. 2.3 below), wae
promulgated to encOurage coraPetition and reduce restrictive
features which limit competitive procurement.

2.2 Definition/Rationale

one method of controlling the high coets of replenishment
spares is by reverse engineering. Reverse engineering ie the
process of duplicating an item, functionally and dimensionally,
by physically examining and measuring exieting parts to deve 1op
the technical data (phyeical and material characteriatica )
required for competitive procurement.

The Reverse Engineering Proceee may be.performed on epeci-
fic items which are currently purchaeed sole-source. l’his may be
due to limited data righte, an inadequate TDP, a diminished or
non-existent source of supply,
Improvement Program (PIP). Normally

as part of a Product
reverse engineering will

not be cost effective unless the items under consideration ara of
a high dollar value or are procured in large guantitiee.
items

Such
may be reveree engineered if an

their
economical eavings over

acquisition life cycle is demonstrated: and if other
methods of acquiring the necessary technical data for competitive
reprocurement are either more costly or not available.

TO BE A CANDIDATE FOR REVERSE ENGINEERING
ALL OTHER EFFORTS TO OBTAIN OATA MUST BE
EXHAUSTED.

2.3 DOD Replenishment Parts Breakout Program - DAR-S6

This paragraph is included in thie handboox to emphaeize
the importance of exhausting all poesible sources of data
acquisition before considering reverse engineering.

2
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The objective of the Breakout Proqram is to reduce costs by
breakout of parts for purchase troinother than prime contractors,
while maintaining the integrity of the systems and equipment in
which the parts are to be used. The Acquisition Method Code/Ac-
quisition Method Suffix Code (AMC/AMSC), assigned in accordance
with the DAR-S6, indicates the competitive status of the part and
defines the various encumbrances to competitive procurement.
Examples of encumbrances are inadequate, missing, or restricted
data; source control; or annual buy ValUe (ABV) leSS than $10,000
or a dollar amount set by current requirements.

Upon completion of the breakout screening and coding pro-
cess, candidates for reverse engineering are identified as items
which have been assigned a competition-restrictive AMC/AMSC code
based on unavailable technical data. Spare parts with AMC/AHSC
codes which are in a suspensed status (pending further investiga-
tion, resolution, or recoding) will not be considered as candi-
dates for reverse engineering until the breakout process has been
completed. Candidates may also be recommended for breakout when
the item demonstrates a 25% increase in Unit price over the pre-
vious year.

Regardless of AMC/AMSC codes and unit price, when a part
cannot be procured but is mission critical, all efforts must be
made to obtain the spare part. Thie may include reverse engi-
neering even when it is uneconomical

Appendix A provides a listing of the AMC/A2iSC cotiee and
definitions, and is included for information purposes.

2.4 Data Riqhts

Reverse engineering is a -L and ETHICAL method of design
replication and is deemed proper when:

a. The procurement contract does not contain any clauses
prohibiting reverse engineering, either specifically
or by implication

b. The organization performing the reverse engineering
effort is supplied with the candidate and only with
data which is in the public domain

c. The enginears and technicians involved in examination
of the part or preparation of drawings do not have
access to proprietary data

d. The organization performing the reverse engineering
effort does not have any employees who were recently
employed by the manufacturer of the part, and those

3
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examining the item must not have had access to
proprietary data

e. Visits to the manufacturer’s plant are not made by any
personnel involved in the actual performance of
reverse .engineering.

All documentation delivered for reverse engineering
purposes must be carefully screened by the Government/Tasking
Agency prior to delivery, to ensure thet no restricted Or
proprietary data is included. Any additional data subsequently
requeeted by reverse engineering personnel from sole-source or
prime vendors must be delivered via the Government/Tasking
Agency, to preclude inadvertent access to restricted or
proprietary data. The technical data developed through reverse
engineering should be delivered to the Government with “unlimited
rights” . when a subassembly has been reverse engineered and one.
or more pieces within the subassembly remain sole source for
economic or other reasons, it/they remain as limited rights
piece(s) .

Unauthorized disclosure or.access to proprietary data for
competitive procurement purposes disqualifies the candidate from
reverse engineering. In the case where the reverse engineering
effort is performed by contractor support, if the contractor
gains access to restricted data concerning a specific candidate,
that contractor is liable if he performs reverse engineering
function for that candidate. However, the Government may select
a different contractor who has not had access to the restricted
data to perform the reverse engineering function for the
candidate in guestion.

Reverse engineering candidates with existing patents
require formal Government authorization for the contractor to
reverse engineer such items (including piece-parts or
components) . This formal authorization must include the official
(dated) ‘Authorization and Consent’ clause (Appendix B) .

Reveree engineering candidates with “Patents Pendingq~ or
,,Patents Applied FOr” alsO ‘e~ire formal Government authoriza-
tion for the contractor to reverse engineer such
lAuthorization

items (See
and Consent* clause - Appendix B). Patent

restrictions are of no force and effect until a patent ie actu-
ally issued, and many patents take years to be formally issued.
Each case ehould be individually examined with respect to patent
status.

Appendix B provides detailed information concerning Data
Rights , and includes samples of valid restrictive or proprietary
legends.

I

I !.....- _ .
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3.0 REVERSE ENGINEERING PROCESS

The primary objective of reverse engineering is the
development of unrestricted technical data, adequete for
competitive procurement, through engineering evaluations of
existing hardware. The nominal Reverse Engineering Process is
depicted in Figure 1, and detailed procedures are described in
Subsections 3.1 thru 3.9. In Process Reviews (IPRs) should be
performed at the end of each principal phase of the Reverse
Engineering Process (See Figure 1) to assure compliance to the
process and to evaluate the need for continuing reverse
engineering on the item.

a.

b.

c.

d.

e.

f.

~.

h.

i.

A Functional/Economic Analysis (para. 3.1) is required
to collect available documentation, determine missing
data requirements, determine testing requirements, and
develop the Reverse Engineering Cost-Estimates and
Schedules:

A Disassembly Procedure (para 3.2) is required” for each
candidate to ensure functional integrity is maintained
to allow for a viable analysis and documentation:

A Reverse Engineering 14anagement Plan (para 3.3) is
required for each candidate to ensure a logical
sequence of events to prevent delays or
misinterpretations in the overall program objectives;

A.Hardware Analysis (para 3.4) is performed to develop
the missing data required for Level 3 Drawings;

Level 3 Drawings (para 3.5) are the result of the
Reverse Engineering Process and containe the documented
parameters necessary to reproduce the selected
candidate;

A QUality Control study (para 3.6) ie performed and
documented on the Level 3 drawings and prototypes of
candidates to certify their compliance with original
candidate specifications;

A Production Review (para “3.7) is performed to
determine the economics of production of the reverse
engineered item;

Prototype Production (para 3.8) involves the
manufacture and testing of prototypes to determine if
they mest all required specifications; and

A Finalized TDP (para 3.9) is formulated and delivered
to the Government/Tasking Agency requesting the reverse
engineering of the candidate item.

5
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As a result of the reverse engineering effort, Product IaI-
provenents or Value Engineering Changes may be recommended (para
4.3).. These alternatives may be considered during the Reverse
Engineering Process and may be incorporated prior to completion
of the process.

3.1 FUNCTIONAL/ECONOMIC ANALYSIS

A Functional/Economic Analysie is required to collect
available documentation, determine missing data requirements,
determine testing requirements, and develop the Reveree
Engineering Cost-Estimates and Schedules.

3.1.1 Data Collection

A competitive TDP includes all the documentation to
describe the design configuration, manufacturing, quality
assurance, testing, and packaging requirements of the equipment.
The TDp for a reverse engineering candidate may include
restricted or inadequate end-item documentation and drawings
which must be developed through engineering analyses of existing
hardware.

The purpose of the Data Collection phase is to eecure all
the unrestricted documentation available, to preclude unnecessary
duplication and to facilitate the development of technical
documentation through reverse engineering.

The following data is desirable:

0 Next Higher Assembly :
Input/output parameters,
etc. ;

provides information on
mating parts, end-use,

o Specifications : Test specifications; Acceptance
Test Procedures; Purchase Descriptions, etc.:

o Parts List/Data List : identifies all parts and
indicates if they are standard National Stock
Numbers (NSNS), Military standard (MIL-STD) parte,
etc. The Data Liet establishes the applicable
drawings and specifications required, and provides
valuable information on specific specifications
that must bs researched to remove restrictive re-
quirements;

0 Schematic: provides basic information for the
Physical Configuration Audit (PCA), verifiee the

6
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Parts List, ‘and saves time in tracing circuitry
(i.e., Printed Circuit Board (PCB) wiring);

0 Master Pattern Drawings: providing copies of the
mylars saves time, and the cost of re-drafting; and

o Next Lower Assembly : identifies interfaces,
Input/output parameters, mating parts, etc.

3.1.1.1 Alternate Data Sources

Some of the technical documentation required for reverse
engineering may be obtained from the Configuration Management
System, Engineering/Readiness commands, Item Managers,
Procurement Officers, Data Repositories, or Vendors/
Manufacturers. Some of the typical documentatiori reguired are:

0
0
0
0’
0
0
0
0
0
0
0

System Technical Manual
Operation/Maintenance Manual
Illustrated Parts Breakdown
Maintenance Allocation Chart
Next Higher Assembly Drawing
Lower Assembly Drawing
Part Drawings
Qualified Parts List
System Test Requirements
Where-Used Data
Commercial Catalogs/Sales Brochures

For reverse engineering candidates with unavailable or
inadequate technical data, as much verbal input as possible
should be obtained to define application, end-use. This will
help to establish the specifications of input/Output parameters
reguired; identify critical items which may reguire additional
test criteria over/beyond standard military or NSN
specifications, and which may be called out on Selected Item
Drawings; or help in performing analysis to define criteria.

Technical Manuals may be obtained from:

Department of the Army
U.S. Army Adjutant General Publication Center
1655 Woodson Road
St. Louis, Missouri 63114

The cognizant command for the item should be determined,
and if technical manuals are not available the following major
subordinate command may be contacted for information, as
applicable:

7
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Commander,
Armament, FfunitionB, and Chemical Command (AMCCOM)
Rock Island, Illinois 61201

Commander,
Aviation Systems Command (AVSCOM)
4300 Goodfellow Boulevard
St. La3is, Missouri 63120

commsnder,
Communications Equipment command (CECOM)
Fort Monmouth, New Jersey 07703

Commander,
Missile Command (MICOM)
Fort Monmouth, New Jersey 07703

Commander,
Missile Command (MICOM)
Redstone Arsenal, Huntsville, Alabama 35898

Commander,
Tank Automotive Command (TACOM)
Warren, Michigan 48397

Commander,
Troop Support Command (TROSCOX)
4300 Goodfellow Boulevard
St. Louis, Missouri 63120

3.1.1.2 Screening of Requ ested Documentation

All requested technical documentation must be delivered via
the Government/Ta:~i;~e~~ency, for screening, to exclude any
restricted or P P N data. The unrestricted documentation
may be reviewed for pertinent data such as design specifications
and drawinge; parts lists; form, fit and function; next higher
and lower assemblies: pertinent Military/DOD Specifications and
Standards; etc. (See Appendix E.)

3.1.1.3 Candidate File

Establieh a candidate file to include all the technical
documentation collected, ae well as the records, findings,
reeults of the reverse engineering procedures performed
throughout the process,

8
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3.1.2 Data Evaluation

The purpose of the Data Evaluation phase is to identify the
missing d~ta- required, develop the .Reverse Engineering Cost-
Estimates and Schedulee, and establish an economic point of
diminishing returns for re-evaluation of the effort throughout
the reverse engineering process. The objective is to review the
documentation so that the tasks necessary to complete the TDP may
bs itemized and scheduled.

3.1.2.1 Missing Data Required

Review the available documentation to determine the
technical data provided and identify the missing data required.
Assume that, unless specific missing data is requested, it may
not be included in the available documentation which can be
provided. The following technical documentation will facilitate
the process and lower the reverse engineering costs:

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Engineering Drawings
Engineering Specifications
Schematics
Wiring Diagrams
Parts Lists
Applicable ?41L-STDS and Specifications
Illustrated Parts Breakdowns
Menufecturing Instruction Sheets
Purchase Descriptions
Quality Assurance Provisions
Acceptance Test Procedures
Test Specifications
Test Equipment/Fixtures
Pertinent Engineering Changes/Revisions
Next Higher Assembly Drawings
Lower Assembly Drawings

Considerations during the Data Evaluation sub-phese are:

a.

b.

c.

Are all reguired manufacturing materials specified in
the bill of materials, notes, military or process
specifications, or elsewhere within the applicable
data? (Specify any deletions or omissions.)

Are all parts completely dimensioned or otherwise fully
defined? (Spscify any deletions or omissions.)

Are all processes, finishes, material specifications,
and other necessary elements noted in the data?
(Specify any deletione or-omissions. Notes should be
made of any conflicting information or potential errors
in the data.)

9
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I

d.

e.

f.

9.

h.

i.

j.

k.

Does the data indicate that the item or components ._
thereof are ‘tSource Controlled’t, ‘“Altered Itemij,
Ilselected Item,,, or’ Otherwisb source restricted? (If
so, identify the applicable restriction and the
source(s) .) Are acceptance test reguirments noted? (If
so, identify such requirements.)

Are all inspection requirements which would be required
by normal industry engineering practicee noted in the
available data; such as, dye penetrant, hardnese tests,
etc. ? (If not, idsntify the type of missing infor-
mation.)

Does the data indicate that the part is critical or has
critical characteristics? If SO, are the critical
characteristics identified and defined? (Summarize the
findings.)

Does the manufacture of the item require a loft or
contour drawing? If so, is the drawing identified or
the reguired contour adequately described? (If contour
or loft drawings are required for manufacture of the
item, but are not contained within the data, thie fact
should be noted.)

Is the part made from a forging or casting? If so, are
the forging or casting drawing numbers set forth in the
data? (If the casting or forging drawings are
available, they should be included in the package. The
absence of necessary forging or casting drawings should
be noted in the evaluation. Whether the available data
restricte forging or casting sources to particular
firms should also be noted.)

If the part is to mate with other parts, such ae hole
patterns, are the mating parts identified in the data?
(If.not, a note should be made concerning the absence
of such information.)

Does the manufacture of the item require the uss of
master or coordinated tooling? If so, is the master or
coordinated tooling identified in the data? (The use
of jigs or fixtures to ease manufacture or assembly is
not to be considered master tooling.)

can a Iiilitary or Federal Specification or Standard or
more preferably an Industry Standard be substituted for
the prime contractors specification or standard set
forth in the data? (If SO, note the applicable
potential substitution.)

_ ----
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1. Is proprietary data necessary to manufacture the part?
(If so, note the absence of the data and identify the
proprietary data to the extent possible, based on the
unrestricted data available.)

Generate Data Call Sheet (Figurs 2) to be included in the
Candidate File.

3.1.2.2 Hardware Requ ired

It ie important that adeguate hardwara be available as
early as poesible to dsvelop the necessary data through reverse
engineering. Ths number of parts reguired varies greatly with
the complexity of the part and the testing requirements. The
quantity of hardware required for reverss engineering should be
determined depending upon complexity and risk aesessnent,
Consideration should bs given to the poseible destruction of an
item during disassembly and material analyeis. Whenaver
possible, only new items from inventory should be used ae it is
difficult to establish performance criteria or tolarancee on used
parts. The use of new items from inventory precludes the Reverse
Engineering Process from resulting in an unsuitable part, due to
existing defects. It may be necessary, at times, to obtain the
hardware from other sources euch ae field units or commercially
available iteme direct from a vendor.

3.1.2.3 Test Requirements

The test requirements to be determined include initial
inspection and testing of the hardware provided for reveree
engineering, and for inspection and acceptance of the prototype
to be built and tested in accordance with the preliminary TDP.
Special testing and test eguipment/fixture reguiremente should be
identified and a test plan developed.

The objective of the test plan is to verify adherence to
the requirenients delineated in the applicable specifications and
standards, including verification of performance, determination
of reliability and endurance, and verification of structural
integrity.

If the available documentation lacks sufficient test data,
a worse case analysis should be performed to develop testing
criteria and procedures, including critical failure modes and
limitations. Experts in the field ehould be contacted to
identify common failure areas. The tests for item failure
limits, such as, overload, fatigue, vibration, and temperature,
are the most convincing means of ensuring equivalence of
manufacture. The Acceptance Test Procedure should define these
reguiraments and specify the teet procedure in accordance with

I

I 11

.-..



MIL-HDBK-115 (ME)

the applicable specifications and standards. A sample Test Plan
Format is provided in Figure 3.

3.1.2.4 Reverse Em’ineerh coet-EStimate and schedule

Cost estimatee and schedules previously generated should be
reviewed. Most of these estimates were based on a best guess, at
the tine, without benefit of hardware availability.

The Reverse Engineering Cost-Estimate and Schedule is based
on the complexity of the item and the number of piece-parts/
components involved. The total effort involved is dependent upon
the technical data availeble versus the amOunt Of data to be
developed.

A sample Cost-Estimating Guide is provided in Figure 4.

These are only guidelines and most data was derived during
the trial program: however, the estimates for drawing
preparation, producibility studies and guality control reviews
are based on yeare of experience.

The Reveree Engineering Cost-Estimate and Milestone Chart
should be developed and included in the Candidate File. The
values for prototype production and testing nay be estimated at
this time, an~ revised later in the process when actual bids are
received from the manufacturer.

Eetablieh a dollar value for a point of diminishing returns
and monitor the estimated coet to complete throughout the
process. The TDP preparation Coete Will nOt change Significantly,
however, as tolerances are developed and tooling requirements
identified, it may affect the cost of reverse engineering.

3.2 DISASSEMBLY PROCEDURES

A Disassembly procedure is required for each candidate to
ensure functional integrity and to allow for a viable analysis
and documentation.

The pertinent data obtained ae a result of the disassembly
procedures should be included in the Candidate File.

3.2.1 Initial Inspection and Testing

To preclude the replication of defecte, the hardware
provided for reverse engineering must be inspected for possible

12
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damage in shipment. The necessary documentation for control of
Government Furnished Egulpment (GFE), i.e., Damage Reports or
Failed Item Reports (Form DD-1149), should be generated as
reguired. ti initial operating test should be perfOmed tO
ensure the item functione in accordance with established
performance specifications.

The hardware should be photographed prior to and during
disassembly since, in come cases, no other record of ths item
exists. In addition, since the piece-parts will be identified
by bagging and tagging, their position in the aseembly should be
noted.

3.2.1.1 Physical Configuration Audit (PCA)

The PCA is the formal examination of the ae built version
of a configuration Item against its technical documentation in
order to establish the configuration
The PCA

item’s product baseline.
should be performed in accordance with MIL-STD-1521A

procedures and requirements. A Functional Configuration
(FCA)

Audit
is conducted to ensure the item performs in accordance

with established performance specifications.

The hardware provided for reverse engineering should be
examined against the unrestricted technicsl documentation
available, such as, manuals, drawings, specifications, “etc., to
ensure the hardware is accurately reflected by the
documentation. The’ hardware should be compared for uniformity of
components, particularly fabricated parts. In the event that
discrepancies or inconsistencies are discovered, the hardware
should take precedence over the existing documentation for
reverse engineering purposes, and all discrepancies should be
reported to the cognizant command. often electronic assemblies
will use component of a higher reliability claes and a decision
will be reguired on which takes precedence, the hardware or the
existing documentation. This should be done by the project
engineer familiar vith the initial testing of the item during
the acquisition cycle.

3.2.1.2 Initial Measurement

Prior to disassembly, all dimensions and electronic data
should be recorded, such as, input/output parameters,
clearances, torque values,’ and assetily critical dimensions that
would be unobtainable after disassembly. On PCBS in particular,
‘pade’ or other information may be destroyed during disassembly.
The measurements should be taken on all moving parts, and their
working envelope, including rotation angles, clearances between
close tolerance, and non-critical dimensions.

I . . .
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3.2.2 Disassembly

When disassembling the hardware, record notes for poseible
aasembly procedures to be included in the TDP. As they are
disassembled, create a list of, all piece-parts/components,
including quantities and special part markings which may
indicate that the part is either commercially available or a
Military Specifications part. A layout of the parts, marked
with the aseembly sequence, is useful for creating the assembly
drawing and for reassembly of the item.

During disassembly, identify each piece-part/component
(bagged and tagged) to facilitate control of parte.

Examine each piece-part/component to determ~ng any markings
which could identify the actual manufacturer, . ., trademark,
FSC14 number, manufacturers name, part number, patent mark, mold
mark, etc. Where lubricant is applied, look for markings on
grease fittings which may indicate the lube oil requirements.
Take samples of the grease or lubricant for future
identification prior to cleaning the disassembled parts.

When disassembling electrical assemblies, review all
terminal markings. If the terminal and pin 10CatiOn, or FROM-TO
data, is not stamped on the wires, clearly mark each end and
create a wire-run list. Clearly mark the photographs with all
plug and terminal designation.

Treat items that are bonded, welded, or othemise
permanently joined as an inseparable assembly. Destructive
disassembly may not be required. If possible, perform all non-
destructive tasting of hardware prior to destructive teeting.

3.2.3 Parts Identification/Screening

After disassembly, research each piece-part/component to
identify exieting NSNS, commercially available hardware, 141L-STD
parts, and non-standard parts, considering the parts control
program MIL-STD-965.

Perform an economic analysis on all sole-source and
non-standard piece-parts/components to determine the coet-
effectiveness of reverse engineering the piece-part/component.
Perform a limited screening process. to DAR-S6 on these
components. Properly screen all data supplied by the component
manufacturer as a result of the ecreening process for
proprietary data prior to providing it to the agency/contractor
performing the reverse engineering. This is discussed in depth
in the Data Rights section of this handbook (para. 2.4).

14
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Conduct research concerning the existence of Specification .
or Source Control Drawings. A similar item drawing could exist
and a simple tabulation drawing could be re-created to add the
new part to the system. Float configuration control systems
include a listing of parts and related drawings.

A search’ may be made via a Master Cross Reference List
(MCRL) to screen the pertinent nomenclature and part nuinber.
The MCRL accesses the Technical Logistics Reference Network data
bases which provide the exchange of technical information on
parts and components, as follows:

0 Enables identification and location of component, eub-
assamblias, and assemblies which are already used and
supported in”the Federal Supply systems

o Identifies components and piece-parts having multiple
use across different systems and Services

o Allows eearchee by technical characteristics

o Identifies like-items used by all the Services

0 Identifies alternate manufacturers

The Government-Industry Data Exchange Pregram (GIDEP) may
be researched for additional information to identify itame which
could be included in a list of diminishing manufacturing eources
or eupply. The GIDEP nay also be ueed to determine which off-
the-shelf items and parts are out
have

of production, which items
low reliability, and which items can be successfully

completed in lieu of sole-source procurement. The GIDEP
providee additional data, as followe:

o Metrology data
o Engineering 6tudy reports
0 Failure analysis data
o Dimension source data
o Test data

The GIDEP is an important tool in the Reverse Engineering
Process. Many commands have GIDEP represent”ativee and
membership may be obtained by contacting:

Officer in Charge
GIDEP Operation Center

Corona, California 91720

Additional data may be obtained by searching:

15
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I
o Vendor Catalogs
o Military/Federal Standards/Specifications
0 Military Handbooks
0 Data Item Descriptions
o MS Drawings
o Qualified Parte Lists

3.2.4 Technical Data Package Requirements

Determine the number and SiZ8 of drawings, specification,
and associated lists required to complete the TDP, and request a
block of drawing numbere from the cognizant Command. Reguest
tha format requirements, including. drawing media and special
notes or procedures unigue to that Command.

3.3 REVERSE ENGINEERING MANAGEMENT PLAN

A Reverse Engineering Management Plan is required for each
candidete to ensure a 10giCal sequence of events to prevent
delays or misinterpretations in the overall program objectives.

A Reverse Engineering Management Plan may be developed at
the beginning of the procese. Thie plan may not be complete,
however, until hardware and data are reviewed. This management
plan nay inclu~e In-Process Reviews and possible economical
cut-off points. Upon completion of the disassemble process and
a better knowledge of the parts is obtained, a tasking plan may
be developed.

The tasking plan Bay define the t:;? neceesary tO COmplete
the TDP, and the management control monitoring procedures
required to ensure the objectives are achieved in a timely
manner. This may include the following:

o Define the specific taeka to.be accomplished

o Establish the order in whicfi the tasks must be
performed

o Specify the reeources (personnel, materiale, and
costs) required to complete each task

o Establish the starting and completion times for
each task

16
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A Program Evaluation and Review Technique (PERT) Chart ie
useful for monitoring the activities and events that must be com-
pleted in a specified sequence to achieve the objectives, end to
identify those activities which can be accomplished concurrently.

Where necessary, identify the long lead time items and
recommend the procurement of these items prior to completion of
the complete process. These items may be provided as GFE during
the prototype phase. Also investigate the possibility of
furnishing iteme that may currently be in the federal
eysten.

supply

3.4 HARDWARS ANALYSIS

A Hardware Analysis ie performed to develop the missing
data required for a TDP.

In those caaee where the
is

existing technical documentation
either incomplete or unavailable, hardware analyses

(dimensional, material, electrical/electronic) will be performed
to develop the technical data (product baseline) required for
production, The data developed by physically examining,
meaauring and analyzing the existing hardware will be included in
the end-item drawings and specifications.

All test equipment ehould be calibrated prior to use in
order to detect and adjust any variation in the accuracy of the
instrument being checked. The calibration O:n all measuring and
teat eguipment should be parformed accordance with
MIL-STD-45662 .

3.4.1 Dimensional Analyeie

The dimensions define the eize and shape of the part and
locate all part features. Tolerance describe the dimensional”
limits to facilitate manufacturing whi+ ensuring proper fit and
function of pa*s or aesembliee. Conduct a dimensional analysis
on all hardware piece-patie/components. If raguired to establieh
the dimensional data, parts that could not be dieaseembled
previously nay be cross-sectioned and cut away.

17
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Consider
analysis:

a. Note
are

the following when

bearing housings an.i
not in accordance

performing the

shaft fits and,
‘with standard

dimensional

where they
recommended

practices in the bearing manufacturer’s catalog,
additional bearing seats and tolerances should be
reviewed and investigated. The variation could be a
manufacturing error or done deliberately for some
engineering purpose

b. Avoid assumptions concerning screw threads as Manufac-
turers often produce unique threads to prevent others
from copying them or substituting standard threeded
parts. Measure and compare the pitch diameter to the
classes provided in Federal Standard H-28

c. Note all clearances measured, to assiet in the
tolerancing of individual parts. These should
include, but are not limited to, the following:

0 Lateral Inovement
0 Backlash (gears and splinesj
0 Torque
o Operating loads (i.e., handles)
o Keyway clearances

d. Cross section welded joints to determine the depth of
penetration and the preparation treatment which may
have to be performed and the length and size of
fillets and bevele used

e. When parts have features which appear to be of no
ueeful function for the itemts intended uee, consid-
eration should be given to the manufacturing processes
involved. A hole or protrusion could have been
designed to facilitate the manufacturers require-
ments. Note euch features and, when the final drawing
is prepared, indicate those featuree as optional for
manufacturing purpoees

f. In many caeee, manufacturing methode dictate dimen-
sional reguikemente, as in the following examples:

o PuncheU Parte. Normally, items that are aheared
or punched do not reguire a good eurface finish
on the eheared edge. However, in some cases,
the mehufacturer will intentionally punch a hole
with a minimum of clearance between the punch
and the die. Thie ie done to create a larger
‘straight land * in the hole, which may be

18
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9.

h.

i.

].

k.

1.

m.

reguired as a load bearing surface or to
minimize wear on mating parts. When reverse
engineering a punched hole, note the
lland-widtht . If it is more than 25% of the
length of the hole, it could be intentional

o Injection Molded, or Investment Caet Parts. In
addition to the draft and parting lines, note
ejection-pin locations, for inclusion in the
final drawing as an allowable feature.

Joining methods euch as riveting or spot-welding may
reguire testing to determine the etrength
requirements. Many spot-weld&d iteme are controlled
at the weld by pull-tests and, if necessary, review
applicable specifications for inclusion in the final
‘7DP

Evaluate heat treatment, using cross sections as
required to determine case depth, grain structure and
other metallurgical requirements. Note grain flow on
forgings

Whenever a pressed-in bushing existe, ensure concen-
tricity of that bushing to the diameter eecuring it

If dowel pins are ueed to align mating parts, ensure
the location of the pins at the projected distance to
aseure the fit of those parts

Check surface finishee on all mating surfaces, whether
or not a gaeket is used

Examine caeting surfaces subject to wear for grain
structure variances caused epecial
processes utilizing chills to ‘h~~dsnw the cas~;~~~~
that particular area

Measure electrical wire diameters and note insulation
type and thickness. Duplicate the length of the wire
even if it appears to be exceseive. Shortening a wire
length could change the electrical characteristics of
the end item

A manufacturing procees variation can produce some strange
numbers for part or aseetily dimensions. Unlese the dimensions
or specifications for the next higher aesembly are known,
~~nominalizingl* of interface dimaneione is not recommended.

19
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If possible, perform a dimensional analyses on not less
than two item. The results of each may then be compared to
determine the poesible existence of Inenufacturing variances as an
aid to establishing tolerances, and to eneure they are identical
as the probability of randomly selected items with identical
defects is negligible.

If possible, determine whether items were manufactured in
the same lot and note accordingly for the producibility study.

parts manufactured in the same lot may have verY slight
dimensional differences, niay not accurately depict the allowable
tolerances and may have identical defects.

3.4.2 Material Analysis

The material analysie, including chemical and metallurgical
analyeie, ie performed to determine the composition, surface
treatments, finishes, hardness, and heat treatments pertinent to
each piece-part/component.

spectrographic samples should be submitted for composition
analysis and identification of elemente. The suggested sample
size is: 1“ x 1“ x l“, as smaller-eized samples are less cost
efficient and may prohibit the use of instrumental analysis. The
material analysis for plastic parts usually requires as much as
one month additional time.

Where possible eu!mit samples for metallurgical analysis in
their entirety. Improper ’cutting of the sample could affect the
hardness readinge or the interpretation of the heat treating
process.

3.4.3 Electrical/Electronic Analysis

The electrical/electronic analysis definee the input/output
parameters, component characteristic, circuit patha, materials,
crating and bonding necessary to reproduce the candidate through
reverse engineering. The documentation available on the candf-
date may range anywhere from complete to nonexistent.

Validate documentation.

To verify:

a.

b.

c.

Design parameters

Prescribed test procedures

Configuration and dimensional tolerance data

20
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d. Producibility of a like item at reduced cost not
using restricted or proprietary information

e. QC/QA information

If the above can be ascertained, then Level 3.Drawings will
be formulated on the like item.

If documentation on the candidate is incomplete or not
available, a more rigorous approach met be taken:

a.

b.

c.

d.

e.

Input/output parameters have to be determined using
data from the next higher assembly

Circuit paths have to be documented

Circuit components have to be identified and
functional characteristics ascertained

Determination muet be made of where substitute
items nay be used without changing circuit
parameters

An equivalent circuit of the candidate under
consi~eration must be designsd

Design validation of the reverse engineered circuitry may
consist of one or both of the two major electronic circuit
discipline, analog and/or digital. Documentation should include
the claeeical engineering toole and definition.

a. Analog circuit designs should be checked for:

o Circuit etabflity
0 Step response
0 Freguency reeponse
o Gain and phase linearity
o Slow rate
o Non-linear characteristics
o Thermal characteristics
o Ripple and noise
o Input/output parameter and impedances
o Power consumption (m.ax/min)
o Specialized functional parameter

b. Digital circuit designs should be checked for:

o Input/output level (with and without stimuli)
o Proper bias levele
o Rice and fall time of eignaling pulses
o Clock frequency and duty cycle

21
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o Circuit interaction and component characteristic
o Thermal characteristics
o Input/output impedances
o Functional parameters of CirCUitry and effects

of fault simulation
0 Power consumption of circuitry (max/min)
o Specialized functional parameters.

Environmental reguirenents should be thoroughly documented
and tested for shock, vibration, temperature, humidity and any
EMI/RFI requirement).

In conjunction with the above circuit analyeis and deeign
validation, component performance characteristics should be
exanined to guarantee that input/output parameters can be
realized to meet the specifications and reliability requirement
of the candidate.

All specifications and component characteristics should be
included in the parts liet and/or appropriate drawings.

3.4.4 Engineering Sketches and Specifications

The engineering sketches and specifications developed at
thie time will be ueed to draft the Level 3 Drawings., Control
Drawings, and other technical documents required for the
Preliminary TDP.

The engineering sketchee and specifications should provide
.

the complete technical data reguiremente and circuit drawinge,
parts listings, component parameters, all input/output data,
spscial requirements, epecial wave form drawings and timing
information, and circuit layout required for end item production
of all assetilies, subassemblies, piece-parts/components, to
produce a prototype of the item under ,consideration.

Test Requirement Specifications may include:

a. The scope of the requirement, which states the purpose
of the specification to be’established

b. Applicable documents which include the end item Spece
(applicable service, Army, Navy, Air Force, etc),
Military Standards, Drawings, publications and nOn-
government documente

c. Requirements containing tha functional characteristics
of the circuitry, with applicable drawings and
functional data which represents the overall opera-
tional parameters

22
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d. Quality Assurance Provisions which contain the
inspection criteria and complies with the specified
military standards and end item specifications for the
specified defiign. This includes functional and
environmental test procedure ae called for by
military and end-item standarde

e. All military standards, end-item specifications and
test findingk

f. An acceptance
documentation of
will be included.

3.5 LEVEL 3 DRAWINGS

test will be formulated and
standards and specifications used

Level 3 Drawings are the result of the Reverse Engineering
Process and contain the documented paranetere necessary to
produce the selected candidate.

One of the final reeulte of a Raversa Engineering Procese
is the preparation of a drawing to be used for competitive
procurement. DOD-D-1OOO and DOD-STD-1OO fully describe the
requirements of a Level 3 drawing.

A reveree engineered item nay result in the uee of eeveral
types of drawinge. In accordance with DDD-D-1OOO, Level 3
Drawings consist of engineering drawinge and associated lists
which provide sufficient definition for manufacturing and
production without resorting to additional product deelgn ef-
forts, additional design data, or recourse to the original de-
sign activity. The Level 3 Drawinge ehould:

o Provide requirements which permits replication of
the original item except for characteristics
changed ae a reeult of Value Engineering, Product
Improvement and other formal design change actions

0 Provide the engineering data for support of
quantity production

o Provide the necessary data to permit competitive
procurement.

Based on sound engineering judqment concerning the
complexity and engineering ‘sophist~ca~ion
types and number of drawinge required to
should be prepared in accordance with
engineering drawings should consider,
following:

of the design; the
satiefy the function
DOD-STD-1OO . The
for example, the

23
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o
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

Details of inigue processes
Performance ratings
Dinens,ional and tolerance data
Critical manufacturing assembly seguencee
Input/output characteristics
DiagraIna
Mechanical and electrical connections
Phyeical characteristics including
fo-m and finish
Detaile of material identification
Inspection, test, and evaluation criteria
Calibration information
Quality Control data
Interface characteristic
Critical safety items
Electrostatic discharge sensitive items
Part marking items

Appendix C provides additional information concerning
engineering drawings and definitions.

All LeVel 3 Drawings should be prepared on the media and
formatted in accordance with cognizant command requirements.
Pre-printed format paper and designated blocks of drawing
numbers may be requested from the cognizant command.

The Level 3 Drawings should be developed using the
engineering eketches and specifications described in para.
3.4.4. As manv subassembly drawings ae poesible should be
prepared eo thai the top ase&nbly drawing is easier to read and
build. A drawing tree for each assembly ehould be prepared
prior to drafting to facilitate completeness and accuracy of
drawings.

and assembly drawings using
(CADD) eguipment versus

facilitate rapid and accurate
and etOrage/transmission of
# unlike drawings produced by

The preparation of detail
Computer-Aided Design/Drafting
traditional drafting methods, may
input/Output, updates/revisions,
pertinent technical data. However,
conventional methode vhere lines can be ‘blended an~
approximations made, computer-generated drawings reguire more
accurate inpute. For example, inaccuracies will become visible
on plotted dravings if tangent arcs, circles, etc., are nOt
defined to 3-or-more decimal places.

The uee of library files which include standard symbols ;
common parts such as bolts and washers; and standard notes,
eliminates the task of re-drawing theee items continuously. To
aid in monitoring coets and compiling parte liete, input data
may be extracted from drawing files.
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The’drawing references to specifications, either military,
federal or commercial, should be backed up in a reference note-
book or file. This list of references can be ueed to compile
the data liet when all drawings are complete.

When submitting e package to Quality Control (QC) for
review, it should be accompanied by a book or folder of copies
of all the specifications used or referenced on the drawinge.
This may expedite the review by approximately 50%.

Copies of the drawings, associated liets, and technical
data developed during this phase of the proceee should be
included in the Candidate File (see para. 3.1.1.3).

3.5.1 Producibility Study

The purpose of this etudy is to verify the adequacy of the
prelimina~ TDti for competitive procurement, and to ensure
legibility! accuracy, and completeness of the drawings and
specificatlone developed through reverse engineering, as
followe:

o

0

0

0

0

0

Review for other engineering conaideratione such
as Product Improvement and Value Engineering (see
para. 4)

Determine adeguacy of the technical documentation
for production competition (manufacturing)

Determine adequacy of drawings and specifications
with reeDect to the manufacturability of Darts or
assemblies

Verify the tolerance and ensure
ability of parts at aeeembly (*)

Eneure that the drawings
dimensioned and tolerance in
applicable standards

Ensure that tha drawings ~eet the
the epecified level in accordance

the interchange-

are completely
accordance with

reguirem.ents of
with DOD-D-1OOO.

(*) The next higher assembly drawings and manuale may
used to verify tolerances. Actual measurement
next higher assemblies may be reguirad.

Consider the following areas when performing
producibility etudy.

be
on

a
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a. Dimensions/Tolerances . Tolerance analysis is
performed to ensure that the dimensional limits are
sufficiently controlled so that the form, fit and
functional requirements are met, and to minisdze any
potential manufacturing difficulties in the
machining, forming, aesembly, and inspection
operations. The maximum tolerance allowances should
,be determined to permit manufacturer to use
alternate fabrication techniques to minimize costs.
Dimensioning and tolerancing are to be in accordance
with American National Standards Institute (ANSI)
Y14.5M unleee otherwise specified

b. Materiale The materials specified ehould be
reviewed ;or impact on availability, coet,
producibility, and function of the part. A range of
materials equivalent in strength to the material to
be used in the prototype should be specified to
permit bidders to estimate manufacturing costs based
on their best in-house process

c. Heat Treatment . The capability of materials to
respond to specified heat treatments should be
verified and specified in accordance with the
applicable specification (1.iIL-H-60B8or MIL-H-6875)

d. Finishes. The impact of finish on function and cost
ehould be evaluated. The most economical finish that
will satisfy the functional requirements ehould be
specified. If machine finishes are required, the
highest roughnees acceptable should be specified for
the designsd function

e. Cleaninq and Joininq Methods. The proper joining
methode such ae, mechanical fastenere, metallurgical
welding, brazing, soldering, and chemical adhesives,
should be specified and evaluated for applicability,
ease of access during the joining process, and
alternate method of joining for cost reduction. For
example:

o Welding: MIL-STD-22
AWSI/AWS A2.4
AWSI/AWS A3.O
AWS B3.O

o Soldering: DOD-STD-1866

o Brazing: MIL-B-7883

o Riveting: MIL-STD-403
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f.

9.

h.

%%w-&s%ow%:;:32 h accordance with
surface treatments

MIL-STD-171, including proper paint specifications
and pre-treatments

Selection of Standard Parts/Components. The parts
defined by Military Standard (MS), A~y-NaVy (AN),
National Aircraft Standards (NAS)~6edorwhe:~&
Government Standards, should be
possible for compliance with the reguiremants of the
applicable standards

Quality Assurance Provisions. Where applicable, the
drawings should list the appropriate data concerning
acceptance of detail parts or assemblies, as follows:

0

0

0

0

0

0

0

Dynamic Teste : pertinent cycling, torsional
deflection capabilities, and gear backlash

Electrical : electrical parameters and
characterfstice: continuity checks, dielectric
data, and durability

Electronic : circuit parameters and character
ietice, circuit path checks, input/output param
eters, special functions, wave form analysis, and
layering and bonding raguirements

Enclosure Requirements : pressure and leakage
allowanca (MIL-E-2036)

Liquid Penetrant Inspection : inspections in
accordance with MIL-E-2036 or MIL-I-25135, as
applicable; personnel certification in accordance
with H1L-STD-410

Maqnetic Particle Inspection : inspections in

accordance with ?lIL-z-6868. liIL-M-11472. or
American Society for Testing and Materials (ASTM)
E125; personnel certification in accordance with
MIL-STD-41O

Radioqrauhic Inspection : inspections in
accordance with MIL-C-6021. MIL-STD-1264,
MIL-STD-1265, MIL-R-11470, or “MIL-STD-453, as
applicable
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o Clearance and Fit: interchangeable, moving and
mating parts should be reviewed to ensure proper
dimensions of close fitted items using AkSI B4.1
as a guide

All drawings and specifications should be revised as re-
quired, to reflect any changes or corrections resulting from the
producibility study. Upon completion of thie update all
documentation will be placed in the candidate file for use in
tha production of the Level 3 Drawings.,

3.6 QUALITY CONTROL

A Quality Control study should be parformed and documented
on the Level 3 Drawinge and prototype of candidata to certify
their compliance with original candidate specifications.

A quality control plan should be daveloped to ensure that
the product conforms to drawinge, specifications, inspections,
tests, and task ordar requirements.

MIL-I-45208: Inepaction System Reguiremants, appliae to the
procurement of supplies and services, ss follows:

o Engineering services contracts where softwsre/
,documentation deliverables are required

0 Minor limited production or prototype hardware
contracta where inspection is the major guality
control factor.

MIL-Q-9858: Quality Program Requirements, applies to
complex supplies, components, eWiPmenta~dd systems KegUiT8d fcr
major hardware production contracts when MIL-I-45208 is
inadequate to provide the needed quality assurance.

3.6.1 Quality Assurance Provisions (Q APs)-.

The Quality Assurance Provisions (Q<Ps) included on the
Government drawings are the documented requirements, procedures
and-criteria necessary for demonstrating that dasigns conform to
user requirements: and, that material and associated services
conform- to approved deeigns. The QAPs establish a quality
baseline by providing the means to audit the product to assure
contractors production capability to meet various requirements
in the Technical Data Package. The QAPe must meet the
requirements of AMC-R-702-1O: Quality Assurance Provisions for
Army Materiel.
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The QAPs are normally prepared fOr inclusion on component,
subassembly and aesembly drawings.

QAPS are not required for the following:—.

0 ‘components, subassemblies, or assemblies that are
not reqyired for installation in the maintenance or
repair of an end-item, eubaseembly, or component
(except those destined for use in modifications,
reconditioning, or retrofit programs)

o Commercial, proprietary, or off-the-shelf items,
unless modified, or where specific performance
requirements are necessary for the military
application

0 Simpls items such as nuts, bolts, washers, locks,
hinges, etc., except when these items are employed
for critical usage or high accuracy is required

o Items not supported by detail drawings whose
reguiremente are contained in a detail specifi-
cation

0 Components, such as, springs, geare, etc. , having
like characteristics and which are applicable to a
category of related items. In such cases, the QAP
should be included in the specification for those
items

Each characteristic on the drawing must be classified as
critical, major or minor, ae applicable, in accordance with
MIL-STD-105: Sampling Procedures and Tables for Inspection by
Attributes. Classification of a characteristic is determined by
analyzing the effect on the end item, if only that characteristic
was discrepant. This analytical procedure identifies those
characteristics whose conformance will verify the design
objectives. The classification of characteristics ie applied to
drawings prior to approval for production. All pertinent QAP’
data should be entered on each specific,drawing. The engineering
note6 should include all pertinent QAP data required.

3.6.2 Documentation of Quality Control

A quality control review ehould be conducted for adegus,c;v
of all drawings, test data, and guality assurance provisions. A
check-list should be prepared for each drawing to ensure that all
elements pertaining to the item have been fully delineated.

The drawings should be inspected using the “limiting
quality method” of MIL-STD-105. Drawing dsfects are definsd as
follows:

1-
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o Major Defect: Art error in the drawing that, if not
corrected, could cause a hardware defect that would
affect form, fit , function, production contract
cost, or scheduled delivery. Illegibility and
nonreproducibility are classified as major defecte

o Minor Defect: An error in the drawing, other than
a major error, which is in violation of the
standard or specifications for the drawing reguire-
mente

A limited PCA should be performed to ensure that the docu-
mentation developed through reverse engineering conforms to the
actual item.

The rejection criteria should be determined and all dis-
crepancies should be rasolved and corrected prior to final ap-
proval of the drawings and specifications.

3.6.3 Certificate of Compliance

A certificate of compliance should be placed in the
Candidate File certifying that the enclosed documentation is
correct and meete ell applicable specification and requirements
and all corrections and/or changes have been completed.

3.7 PRODUCTION REVIEW

A Production Review is performed to determine the economics
of production of the reverse engineered item.

The objective of the Production Review is to determine
pertinent prototype production data based on actual quotes from
competent manufacturers, as described in paragraph 3.7.1 through
3.7.4.

3.7.1 Estimates

Obtain quotations from three or more sources for prototypes
and one, two , and three yesr guantity requirements based on
average annual buy guantity.

3.7.2 Make-or-Buy

Where necessary, depending upon contractual agreement, a
make or buy decision may be reguired by the government or

, ,.,
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contractor based on prototypes.
prototyping is important.

3.7.3 Schedules

Develop new so,hedules based
both the prototypes and production

3.7.4 Should-Cost

Validation of the TDP during

upon delivery
quantities.

times guoted for

Should cost data can be developed using actual quotations
from suggested sources of supply developed during the procurement
process.

The Reverse Engineering Cost Eetimate and Schedule (para.
3.1.2.4), should be updated to reflect the actual costs and
schedules resulting from the Production Review.

The Candidate File should be updated to include the results
of the Production Review.

3.8 PROTOTYPE PRODUCTION

Prototype Production involves the manufacture and testing
of the prototype to determine if it meets all required specifi-
cations.

A1l prototype manufacturing 6hould be sub-contracted to
prove the adeguacy of the preliminary TDP. When as6embly and
testing procedures are part of the TDP, the entire assembly
should be completed. Testing that is not a normal function of
the manufacturing industry may be sub-contracted.

A record shall be maintained of all subcontractor reguests
for waiver or deviation, and ths cognizant engineer should review
all euch requests. All discussions with the vendors should
include participation by the cognizant contracts or procurement
personnel.

3.e.l Procurement

A decision to procure the individual prototypes for teet,
as opposed to a First Article Test in a production run, should be
the result of an economic analysis considering delivery timee and
tooling costs.
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3.a.2 Parts Fabrication

When an item is a relatively simple assembly consideration
should be given to procuring the parts individually and as-
sembling the items in-houee.

3.8.3 Inspection and Quality Control

All prototype part= and aesembliee should be inspected in
accordance with the incoming inspection policy. The decieion to
accept, reject, or rework the item ehould be made by the
cognizant engineer, and all expropriate documentation should be
complete~.

The quality control plan should define procedures for
controlling procurement, manufacturing, assembly, inspection,
testing, rejection, rework, and approval of the prototype built
in accordance with the developed drawings and specifications.
Each item should be inspected in accordance with disciplines
such,ae mechanical, electrical, welding, material, dimensioning
and tolerancing, as applicable.

3.8.4 Assembly

Durinq the assembly cycle, care should be taken to
duplicate the requlremente annotated on the assembly drawing and
eneure that Iubricante and fluide meet the applicable
specifications (this includes all clearance and torgueing
requirements) .

3.S.5 Test

Prototype teeting may be used to validate concepts for
function and producibility; prove out production concepts; and
demonstrate adequacy to meet ueer requirements. Testing may not,
depending upon a risk asfiessment, be required for simple items
euch ae nute and bolts.

Prototype teeting may be conducted.in accordance with the
developed teet plane, and will focue on conformance to relia-
bility, availability, and maintainability requirements; support-
ability; eu~ivability: human factors: and safety.

3.8.6 Certificate of Compliance

A certificate of compliance ehould be placed in the
Candidate File certifying the product compliee with workmanship
standards and that all requirements and/or changes have been
completed and the prototype is an acceptable replacement for the
candidate.
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3.9 FINALIZE TDP

A finalized TDP is formulated and delivered to the agency
requesting the reverse enginesring of the candidate item.

After approval of the prototype, all data changes reguired
as a result of the manufacturing phase ‘shall be included in the
final TDP.

The procedures for finalizing the TDP, such ae, monodetail
and multidetail drawings, and associated lists, should be in
accordance with AR 70-37 Configuration Management, and the
engineering practices of the cognizant command.

I
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!
4.0 FOLLOW-ON CONSIDERATIONS

The Reverse Engineering Process as described earlier in
this handbook does not address additional engineering and
logistics considerations. The newly acquired technical knowl -
edge, gained by reverse en9ineerin9, allow? ue tO re:~luate
the design for maintenance philosophy, reliability, , and
other changes that may affect the 10giStiCs suppo+ requirements.

Paragraphs 4.1 through 4.3 describe these follow-on
considerations.

4.1 END-ITEM TDP UPDATE

The new TDP, including drawings, parts lists,
specifications, specification change notices, drawing change
notices and notices of revision must be incorporated into all
affected documentation using the configuration management
procedures required by the individual commands.

4.2 INTEGRATED LOGISTICS SUPPORT (ILS~

A review should be made of the Level of Repair Analysis
(LL3RA) based upon the new technical date available. Due to lack
of repair, items that are currently throw aways may now be
reclassified as repairable.

The requirement of the parts control standard, MIL-STD
965, apply to ell new parts, entered into the Logistics Support
System, as a result of the review.’

4.3 ENGINEERING RECOMMENDATIONS

4.3.1 Product Improvement

The items., as documented during the Reverse Engineering
Process, may not have been previously considered for product
improvement because of inadequate data.

Using the new data developed during the Reverse Engineering
Process, an engineering evaluation may be conducted and product
improvements made.

I

It should be remembered that it may not be “in the beet
intereet of the current supplier(s) to improve the reliability of
their products, thus reducinq the requirements.
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Examples of areas with product improvement potential are:

o Bearings operating beyond manufacturers
recommendations

o Electronic components operating at peak capacity

o Use of inadequate materials and protective coatinge

o Use of older technology

o Use of non-standard components

4.3.2 Value Engineering

A Value Engineering (VE) review of reverse engineerlnq
candidates may reveel cost drivere over and beyond the sole
source restriction. Some probable high cost drivere are:
exceeeive material requirement, deeign defects, over deeign,
functional redundancy, tolerance restrictions, exces6ive
performance requirement, etc. When these or similar condition
are noted, consideration should be given to performing Value-
Engineering studies prior to the completion of the Reveree
Engineering Process. Value Engineering studies should be
conducted in etrict accordance with current DOD procedure for
conducting Value Engineering etudiee.

A VE Study and VE Proposal form ie provided in Figure 5.

The results of all studies conducted should be documented
in a format euitable to support the inclusion of the dollare
saving into the DOD Value Engineering accountability eystem.
The documentation must include, ae a minimum, the following:

0 Originating individuals name, title, eignature,
official eymbel and phone number

o Item, component or part studied

0 National/Federal Stock Number

0 Major end item/syetem/program

o Appropriate code G program element

0 Resulte from the five phaees of the VE job plan:

1) Information Phaee

2) Function Phase
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3) Speculation Phaee

4) Evaluation Phase

5) Development Phase

●O Estimated cost of change(s) recommended

*O Estimated net saving to the government

*o Unit savings

0 A cost analysis summary to support the above
asterisked items.

The Logistics Support Analys.i8 and the Lagistics Support
Analysis Record could be effected by these changes and
appropriate action taken to update these documents.

l.lanuals should be reviewed and changes resulting from the
creation of the technical data package and possible new mainte-
nance procedures incorporated.

36
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5.0 NOT APPLICAB~

I
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6.0 NOTES

6.1 SUBJECT TERM (KEY WORDS) LISTING

1 Reverse Engineering Procedures
Reverse Engineering Guidelines

I custodian:
Army-ME

~
Review Activities:
AnIIY-AM, AL, AT, AV, CR, MI

Preparing Activity:
Army-14E

Project MISC-A079

I

38

. ../2. ,
,.



MIL-HDBK-115 (ME)

APPENDIX A

ACQUISITION METHOD CODE/
ACQUISITION METHOD SUFFIX CODE

(AMc/AMsc)

DEFINITIONS

AMc
CODE ASSIGNMENT/CONDITION

1 suitable for competitive acquisition.

2 Suitable for competitive acquisition for the first time.

3 Acguire directly from the actual manufacturer, whether or
not the prime contractor is the actual manufacturer.

4 Acguire, for the first time, directly from the actual
manufacturer rather than the prime contractor who is not
the actual manufacturer.

5 Acguire only from the prime contractor although the engi-
neering data identifies the Commercial and Government
Entities (CAGE) and part number of a source other than
the prime contractor.

AMsc
cODE ASSIGNMENT/CONDITION

A The Government Be rights to use data in its possession is
questionable. (NOTE : Thie code ie only applicable to
parts under immediate buy regufremants an~ only ae long
as rights to data are still under review for resolution
and appropriate re-coding.) Valid AMCS: 1,2,3,4,5.

B Acquisition of this part is restricted to eource(s)
specified on “Source Controlft, “Altered Itemt$, or’
*,Selected Item[t drawings/documents. Valid AMCS: 1,2,3,4.

c This part reguires engineering source approval by the cie-
sign control activity in order to maintain the quality of
the part. An alternate source muet gualify in accordance
with the design control activity’s procedures, ae
approved by the cognizant Government engineering
activity. Valid AMCS: 1,2,3,4.

D (Reeerved)
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E

F

G

H

J

K

L

M

t:

P

Q

R

(Reserved)

(Resened)

The Government has unlimited rights to the technical
data, and the data package is complete. Valid AMCS: 1,2.

The Government physically does not have in its possession
sufficient, accurata or legible data to purchase this
part from other than current source(s) . (NOTE: This
code is applicable only to parts under immediate buy
requirements and only as long as the deficiency is under
review for resolution and appropriate re-coding.) Valid
AMC!S: 1,2,3, 4,5.

(Reserved)

This part must be produced from Class 1A castings (e.g.,
Claes 1 of MIL-C-6021) and similar type forgings. The
part must be procured only from eources which use
caetinge or forgings obtained from approved (controlled)
source(s) . Valid AMCS: 1,2.

The annual buy value of this Part falls below the
screening threehold of $10,000 but it has been screened
for known source(s). (NOTE : This code shall not be used
when screening parts entering the inventory. It shall
not be aseignad In preference to or supersede any other
AMsc.) Valid AMCS: 1,2,3,4,5.

Master or coordinated tooling is required to produce this
part. This tooling ie not owned by the Government or,
where owned, cannot be made available to other sources.
Valid AMCS: 1,2,3,4.

This part requires special tsst and/or inspection facili-
ties to detarmine and maintain ultra-precision quality
for its function or syetem integrity. Substantiation and
inspection of the precision or quality cannot be
accomplished without euch specialized test or Inspection
facilities. Valid AMCS: 1,2.

The righte to uee tha data neaded to purchase this part
from additional eourcee are not owned by the Government
and cannot be purchased. Valid AMCS: 1,2,3,4,5.

(Reserved)

The data or the rights to use the data needed to purchase
this part from additional Gourcee are not owned by the
Government and it has been determined that it is
uneconomical to purchase them. Valid AMCS: 1,2,3,4,5.
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s (Reserved)

T Acquisition’of this part is controlled by QPL procedures.
Valid AMCS: 1,2.

u The cost to the Government to breakout this part and ac-
guire it competitively has been determined to exceed the
projected savings over the life span of the part. Valid
AMcs: 3,4,5.

v This part hae been designed a high reliability part under
a reliability program. Probability of failure would be
unacceptable from the standpoint of safety of personnel
and/ or eguipment. The cognizant engineering activity
has determined that data to define and control
reliability limits cannot be obtained nor is it possibla
to draft adequate specifications for this purpose. Valid
AMcs: 3,4,5.

,W (Reseryed)

Y The design of this part is unstable. Engineering,
manufacturing, or performance characteristics indicate
that the reguired design objectives have not been
achieved. major changes are contemplated because the
part has a low procese yield or has demonstrated marginal
performance during tests or service use. These changes
will render the present part obsolete and unusable in its
preeent configuration. Limited acquisition from the
present eource ie anticipated pending configuration
changes. Valid A14Ce: 3,4,5.

z (Reservsd)

41

..-.<--- : ,



MIL-HDBK-115 (ME)

APPENDIX B

DATA RIGHTS

DEFINITIONS AND VALID LEGENDS

If the item, component or process depicted by the technical
data was developed by the contractor at Government expenee, that
re=ult~ in I,unlimited riqhts!t to the Government for the deta in-
volved.

a. The DOD
funding
the data

b. In cases

regulations clearly indicate that 100% of R6D
must be at private expense in order to resolve
rights guestion in favor of the contractor.

where there is an investment mix of private and
Government funds, the data rights will not be allocated
on a percentage basis. The data rights will be 100%
“unlimited rigb.ts“ to the Government.

c. If the Government “funds modification of a portion of
~wipment with $$l~~ited,, data rights, the Government will

have @#unlimited rightsil to the technical data depicting
only those enhancements, unless the modification is of
such proportion that the original equipment is unrecog-
nizable.

There is no time limit on the Government’s right to chal-
lenge the contriictor’s use of a restrictive legend. The contrac-
tor must be notified in vriting that he ham 60 days in which to
demonstrate that the marking6 are authorized. The contractor is
obligated to prove that the limited rights legend ie proper and
in accordance with DAR/FAR regulations, by providing records
showing when the data was developed and that the contractor
funded creation of the end-item for which the data was generated
entirely at contractor expense.

The lack of restrictive legends invalidates the proprietary
claim and such unprotected data vests IIunlimited rightsfl to the
Government for the data involved.
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DEFINITIONS

UNLIMITEO RIGHTS. This means.the Government has rights to use,
duplicate or disclose technical data in whole or in part, in any
manner and for any purpose whatsoever, including competitive
procurement, and to have or permit others to do SO. Where data
is published without proprietary legends, any proprietary
character is lost and the Government nay use data with unlimited
rights, which includes ‘tBreakout” of items. Where a contract
stipulates an option for unlimited data rights or indicates
substantial research and development (RE+D)at Government expense,
the Government may acquire unlimited rights in the item, cOm-
ponent or system.

LII.fITEORIGHTS. This is the basic DOD policy vhich requires z
contractor to furnish all technical data which is designed for
delivery under the contract terms, but permits the contractor to
protect hie legend. The burden falls upon the contractor to
identify every piece or page of data to which he asserts a
proprietary claim. The limited rights policy allows the
Government to use data internally (i.e., for maintenance, repair,
or operztion of equipment) but does not give the Government the
right to use or disclose data to anyone for purposes of
manufacture, Breakout, or reprocurement, if a proper legend is
affixed to a drawing.

Proprietary’ DATA . This ie technical data which embodies trade
secrets developed at private expense, such as design procedures
or techniques, chemical composition materials,
manufacturing methods, processee, or treatme~s, including •in~;
modifications thereof, provided that such data:

(1) Is not generally known or available from other
sources without obligation concerning their
confidentiality;

(2) Has not been made available by the owner to
others without obligation concerning its
confidentiality; and

(3) Ie not already available to the Government with-
out obligation concerning their confidentiality.

. . . .. . . . - .
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,,F~~ FIT, AND FuNCTION” DATA . This is technical data
pertaining to end-items, components, or processes for the purpose
of identifying sources, size, configuration, mating, and
attachment characteristics, functional characteristics, and
performance requirements (i.e. , specification control drawings,
envelope drawings, etc. , n accordance with DOD-STD-1OO).
DAR/FAR policy requires that form, fit, and function data be
furnished without any proprietary legends.

PATENT . A patent is a right granted to an inventor by the
Government to exclude others from making, using or selling
his/her invention to the public for a period of 17 years
(extensions are permitted only in certain areas). Whoever
invents any new process, item or composition of matter (includes
micro-organisms), nay obtain a patent. An issued patent contains
the specifications and drawings submitted with the patent
application. This patent right is not the positive right of the’
inventor to make, use, or sell the invention, but a grant to
exclude others from eo doing. All the inventor obtains is the
right to sue.

Example:

Assume a patent 1’011is granted to an inventor for a
combination of steps or means for performing a speci-
fied function illustrated as meane: 1 + 2 + 3. A
second patent tvpu iS issued subssguently, which pro-
vides an improvement over ~SO~t. The “P” patent claim
contains the following meane: 1 + 2 + 3+4. If the
making, using, or selling of the items embodying
patent ‘lP” infringes patent “O”, the owner of patent
1,0,,may enjoin the owner of patent “P” from making,
using, or selling the *’P” invention. While patentee
“P” Would own his invention, hs could not use his
invention with out permission from patentee “O”. In
these circumstances, if patentee “O” desired to
license his invention to ‘lP<<,it would not be logical
to grant “P” the right to make, use, or. sell the
invention, e.9., the right ,,to practicena the
invention. Rather, the license would more correctly
contain an agreement by “O” not to sue if ‘“p~~ made,
used, or sold the “P” invention.

I .._ ... .. . . . . —..
Patent Vs . ‘recnnlcal uata - wnac Ir aaca Is szampeci
“Patented$’? Patent legends and restrictive-use legends are
treated differently. A patent excludes other parties from
making an inventor’s items for seventeen years. There is
complete disclosure of the invention when the patent is
filed with the US Patent/Trademark office. If a patented
invention is used by the Government without the inventories
authorization, the only
compensation for the use
damage). Title 28 of the
allows the Government to

. ..—. .. . . . . . . . .

remedy for ihe inven”tor is
of the patented item (money
Us. Code, Section 1498 (a),
infringe a patent. The patent
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owner cannot stop the Government from its
patent owner stop a Government contractor
invention if the Government authorized it.
ization, the Government is responsible for
able compensation has to be made.

Example .of Authorization Clause:

use, nor can the
from using the
By such author-

whatever reason-

1’ The type of ‘tAuthorization and Consent” clause
incorporated in a contract will depend upon the type of
contract. The following clause is incorporated in
contracts calling for experimental, developmental, or
research work or in supply or service contracts where
research and development is the primary purpose of the
contract:

I
I AUTHORIZATION AND CONSENT ~ date )

I (a) The Government authorizes and consents to
all use and manufacture of any invention de-
ecribed in and covered by a United States patent
in the performance of this contract or any
subcontract at any tier.

(b) The Contractor agrees to include, and re-
quire inclusion of, this clause, suitably modi-
fied to idemnify the parties, in all subcontracts
at any tier for supplies or servi~~~[~~luding
construction, architect-engineer and
materials, eupplies, models, samples, and deeign
or testing eervicee) expected to exceed $25,000;

I
however, omission of this clause from any subcon-
tract, under or over $25,000, doe6 not affect
this authorization and consent.

The following clause is included in all contracts for

I

I

suppliee, except” when complete contract performance and
delivery is to be outeide of the United States, its
possessions, and Puerto Rico, or where the research and
development clause is required. This clause is more
restrictive than that for R & D contracts.

AUTHORIZATION AND CONSENT ( date “)

(a) The Government authorizes and consents to
all use and manufacture, in performing this cOn-
tract or any subcontract at any tier, of any in-
vention described in and covered by a United
States patent (1) embodied in the structure or
composition of any article the delivery of which
is accepted by the Government under thie contract
or (2) used in machinery, tools, or methods whose
use necessarily rasults from compliance by the
Contractor or a subcontractor with (i) specifica-
tions or written provisions forming a part of
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this contract or (ii) spscific Written ifiStrUC-
tions given by the Contracting Officer directing
the manner of performance. The entire liability
to the Government for infringement of a patent of
the United States shall be determined solely by
the provisions of ‘“theideuinity clause, if any,
included in this contract or any subcontract
hereunder (including any lower-tier subcontract),
and the Government assumes liability for all
other infringement to the extent of the
authorization and consent hereinabove granted.

(b) The Contractor agrees to include, and re-
quire inclusion of, this clause, suitably modi-
fied to identify the parties, in all subcontracts
at any tier for supplies or services (including
construction, architect-engineer services, and
materials, supplies, models, samples, and design
or teeting services expected to exceed $25,000;
however, omission o! this clause from any subcon-
tract, under or over $25,000, does not affect
this authorization.

In contrast with patent l“egende, a restrictive-use
legend on tschnical data claims righte in a trade secret or
item developed by a company at private expense, which iS
not disclosed to the public.

Bottom Line . The patent right excludes others from
manufacturing an invention already disclosed to the public, ,
but the Government nay infringe the patent. Proprietary
rights in technical data are asserted by a restrictive-use
legend to prevent disclosure of data applicable to an item
which is either a trade secret or developed by a company at
private expense. The DAR/FAR regulations prohibit
disclosure of such data outside the Government.

cOPYRIGHT. This is an exclusive privilege granted to an author
to print, publish, or copy his literary, artistic, or
intellectual productions. It is a right given to authors in an
effort to advance the arts. The copyright term is the life of
the author plus 50-years after the author’s death.

TRADE SECRET . This is any formula, pattern, device, or
compilation of information, which is used in onese business, and
which gives him an opportunity to obtain an advantage over
competitors who do not know or use it. It nay be a formula for a
chemical compound, a process of manufacturing, treating or
preserving materials, a pattern for a machine or other devices,
or a list of customers. Trade secrets are protected property
unless acquired by proper means. Proper means include:
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(1) Discovery by independent invention:

(2) Discovery by “reverse engineering”, that is, by
starting with the known product and working back-
ward to find the method by which it was
developed. The ac,guisition of the known product
luust, of course, also be by fair and honest
means, such as purchase of the item on the open
market, for reverse engineering to be lawful:

(3) Discovery under
trade secret;

(4) Observation of
public display;

a license from the owner of the

the item in public use or on
and

(5) Obtaining the trade secrat from published litera-
ture.

PREDETERMINATION/PRENOTIFICATION OF RIGHTS . This procedure
allows for a predetermination of both limited and unlimited
rights, to be used in cases where the parties can avoid later
disputes by agreeing on their rights bafore contract performance.
This should only bs used when the rights in data can be “practi-
cally identified”. The procedure may be initiated by the Con-
tracting Offic’er or the contractor during the negotiation of a
contract and is not mandatory.

SPECIFIC ACQUISITION. Thie term applies when the Government
purchases the rights from the developer of the item and uses the
data as tha basis for competitive procurement. These purchases
are included as a separate line item in a contract with a
separate price and reguiree that such rights shall not be
acguired unless:

(1)

(2)

(3)

[4)

There is a clear need to reprocure the item;

There is no suitable alternative;

The item can be manufactured through the use of
the technical data by the competent vendors; and.

The anticipated net eevings will exceed the
acquisition cost of the technical data and rights
therein.
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VALID RESTRICTIVE-USE LEGENDS

LIMITED RIGHTS LEGEND:

I

(*) A

II CONTRACT NO
CONTRACTOR:

THOSE PORTIONS OF

●)

THIS TECHNICAL DATA INDICATED AS LIMITED
RIGHTS SHALL NOT, WITHOUT THE WRITTEN PERMISSION OF THE
ABOVE CONTRACTOR, BE EITHER (A) USED, RELEASED OR DISCLOSED
IN WHOLE OR IN PART OUTSIDE THE GOVERNMENT, (B) USED IN
wHOLE OR IN PART BY THE GOVERNMENT FOR MANUFACTURE, OR, IN
THE CASE OF COMPUTER SOFTWARE DOCUMENTATION, FOR PREPARING. ..—
THE SAME OR SIMIIAR COMPUTER SOFTWARE, OR (C) USED BY A
PARTY OTHER THAN THE GOVERNMENT, EXCEPT FOR: (I) EMERGENCY
REPAIR OR OVERHAUL WORK ONLY, BY OR FOR THE GOVERNMENT,
WHERE THE ITEM OR PROCESS CONCERNED IS NOT OTHERWISE
REASONABLY AVAILABLE TO ENABLE TIMELY PERFORMANCE OF THE
WORK, PROVIDED THAT THE RELSASE OR DISC~SURE THEREOF OUT-
SIDE THE GOVERNMENT SHALL BE MADE SUBJECT TO A PROHIBITION
AGAINST FURTHER USE, RELEASE OR DISCLOSURE; OR (II) RELEASE
TO A FOREIGN GOVERNMENT, AS THE INTEREST OF THE UNITED
STATES MAY REQUIRE, ONLY FOR INFORMATION OR EVALUATION
WITHIN SUCH GOVERNMENT OR FOR EMERGENCY REPAIR OR OVERHAUL
WORK BY OR FOR SUCH GOVERNMENT UNDER CONDITIONS OF
ABOVE .

(I)
THIS LEGEND, TOGETHER WITH THE INDICATIONS OF THE

PORTIONS OF THIS DATA WHICH ARE SUWECT TO SUCH LIMITATIONS
SHALL BE INCLUDED ON ANY REPRODUCTION HEREOF WHICH INCLUDES
ANY PART OF THE PORTIONS TO SUCH LIMITATIONS.l’

proper legend in accordance with DAR/FAR regulations.

COMMERCIAL PROPRIETARY LEGEND: (**)

,, ( name of contractor )
PROPRIETARY INFORMATION

THIS PRINT OR DOCUMENT, AND THE INFORMATION AND KNOW-HOW IT
CONTAINS ARE PROPRIETARY TO ( name ofcontractor ) AND
MAY NOT BE USED OR REPRODUCED OR DISCWSED TO OTHERS
WITHOUT THE PRIOR WRITTEN PERMIsSION OF ( name of
contractor ). PERMITTED REPRODUCTIONS, IN WHOLE OR IN
PART, INCLUDING BORROWER’S SHOP DRAWINGS, SHALL BEAR THIS
NOTICE. RETURN OF THIS PRINT OR DOCUMENT AND ALL COPIES
THEREOF MUST BE lLADE TO ( name of contractor ) UPON
REQUEST.”

(**) Variations/improperly worded legends do not necessarily
invalidate a proprietary claim. The contractor may be
offered the opportunity to properly comply, within sixty
days, in order to protect his technical data due to
inadvertent error.
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APPENDIX C

ENGINEERING DRAWINGS

(Levels/Type/Content )

ENGINEERING DRAWING LEVELS

Engineering drawings and associated data ere acquired in
accordance with DDD-D-1OOO in one or more of three levels, as
follows:

o LSVEL 1:

0 IJSVl?L2:

0 LEVEL 3:

Conceptual and, Development Design Data;

Production Prototype and
Limited Production Data; and

Production Data.

<>

<>

<>

Level 1 Drawinqs . Level 1 engineering drawings and
associated data will disclose, as a minimum, engineering
design information sufficient to evaluate an engineering
concept. They may also provide information sufficient to
fabricate developmental hardware. Layout drawings and
combinations of types of engineering drawings may be used
to convey engineering concepts so that the information is
understandable to cognizant Government engineers and
scientists. This information should also enable
fabrication by the design contractor of developmental
hardware for test or experimentation.

Level 2 Drawinqs . Level 2 engineering drawings and
associated data w~ll disclose a design approach suitable to
support the manufacture of a production prototype and
limited production models. Engineering drawings will
include, as applicable, parts list, detail and assembly
drawings, interface control data,, diagrams, performance
characteristics, critical manufacturing limits, and details
of new materials and processee. Special inspection and
test requirements necessary to determine compliance with
requirements for the item wi~l be defined on th”e
engineering drawings or referenced to a document acceptable
to the Government.

Level 3 Drawings . Level 3 engineering drawinge and
associated data will provide engineering definition
sufficiently complete to enable a competent manufacturer to
produce and maintain quality control of item(s) to the
degree that physical and performance characteristics are
interchangeable with those of the original-design. These
characteristic will be obtained without resorting to

49



— ..—. ..—_

MIL-HDBK-115 (NE)

additional product design effort or
without recourse to the original design
engineering drawings will:

design data, and
activity. Level 3

0 Reflect the end-product;

o Provide the engineering data for the support of
quantity production; and

o In conjunction with other related reprOcurement
data, provide the necessary data to permit
competitive procurement of items substantially
identical to tha original item(s) .

ENGINEERING D-WING PRACTICES - DOD-STD-1OO

DOD-STD-1OO prescribes the general requirements for the
preparation and revision of engineering drawings and associated
data prepared by or for DOD departments and agencies. Reverse
Engineering personnel should becone familiar with the various
types of engineering drawings found in the drawing repositories,
and with their impact when used for competitive acguieition. In
developing adequate Technical Data Packagea (TDPs) for use in
competitive acquisition, the data appaaring on engineering
drawings and their relationship to manufacturing ehould be
understood. DOD-STD-1OO hae standardized the types of drawings,
and has designated standard Government/Industry practices for
depicting information on the drawings.

TYPES OF ENGINEERING DIU!WINGS

An engineering drawing is a document that discloses
(directly or by reference) the physical and functional end-
product requirements of an item through pictorial or written
presentation, or combinations of both.

Engineering drawings are normally procured from end-item
contractor [manufacturers and deeigners) as part of the end-item
acquisition. The Army receives, inspects and stores these
drawings at designated data repositories.

An original engineering ~rawing, and a Type I, Class 1
microfilm copy, are procured as deliverable under a production
contract. Drawinge and other technical data are acquired for two
main purposes: for use in repair and installation of the system
or eguipment, and for use in procuring replenishment parts in
support of system or equipment repair.
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DOD-S,TD-lOO defines dozens of various types of engineering
drawinge, but only the major typse of drawings will be discussed
here, as follOWs:

<>

<>

<>

<>

<>

<>

Detail Drawings . ~is ‘drawing depicte the complete
end-item requirenente for the pati(s) delineated on the
drawing, except when additional end-product reguiremente
are accomplished on inseparable aesembly drawinge.

AssemblY Drawing . Thie drawing depicts the aseembled
relationship of:

a.

b.

c.

An

Two or more parte;

A combination of parts and subordinate aeeemblies:
or

A group of assemblies reguired to form an essetily
of higher order.

assemblv drawina contains sufficient views to show
the rslationehip between each subordinate assembly and part
comprising the assembly depicted.

Detailed Assembly Drawing . This drawing depicts an
assembly on which one or more parts are detailed in the
aseembly view, or on detail views.

Matched Parts Drawinq. This drawing depicts parts that are
machine-matched or otherwiss mated, and for which
replacement as a matched set or pair is essential.

Schematic or Electrical Diagrams . These diagrams show, by
means of graphic symbole, the electrical connection and
functions of a epecific circuit arrangement. They
facilitate tracinq the circuit and ite functions withOut
regard to the ac~ual physical size, ehape, or location of
the component devicee or parts.

Control Drawinq. This is an engineering drawing that
diecloses configuration and configuration limitation,
performance and test requirement, weight and space
limitations, acceee clearance, pipe and cable attachments,
etc. The reguired level of detail iS that necessary to
allow the development or procurement of an item on the
commercial market, or the installation and co-functioning
of an item with related items. Control drawings are
identified in four categories: specification Control,
Source Control, Altered Item, and Selected Item Drawin9e,
as follows:
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<> Specification Control Drawin . A Specification
Control Drawing depicts an ex sting commercial item
or vendor developed iten which is advertised or
cataloged aa available on an unrestricted baeis, on
order as an off-the-shelf item, or as an item
which, while not commercially available, is
procurable on order from a specialized eegment of
an induetry. The drawing, under the heading
*tSuggested Sourcee(s) of Supply”, lists. the name
(address if known], manufacturer’s CAGE number, ancl
item identification number of two or more known
sources unless, after search of vendor data for
similar products, it is determined that there is
only one source. In addition, the notation
;lSpecification Control Drawingt~ appears above the
titls block. The manufacturer’s (vsndor’s) part
number 1s the item identification. The following
aPpeare in the body of the drawing:

I*lDENTIFICATION OF THE ‘SUGGESTED SOURCE(S) OF
SUPPLY ‘ HEREON IS NOT TO BE CONSTRUED AS A
GUARANTEE OF PRESENT OR CONTINUED AVAILABILITY
AS A SOURCE OF SUPPLY FOR THE ITEM(S).”

A specification Control Drawing diecloses, as
applicable, configuration, envelope dimensions,
mounting and mating dimensions, interface dimen-
sional characteristics, and limits these
dimensions. neceseary, it also discloses
inspection an~e acceptance test rsquirsnents and
performance, reliability, maintainability,
environmental, and other functional requirements,
to ensure identification and adequate reprocurement
of an interchangeable item. If an electrical or
electronics (or other engineering) circuit is
involved, a schematic and connection or other
appropriate diagrammatic disclosure is included or
reference~ on tha drawing to provide sufficient
information for making external connections.

In dealing with ‘Specification Control
Drawings, you should be aware of the following:

o “The suggeeted sourcee listed on a
Specification Control Drawing are not
intended to represent the only sources for
the Item;

o Qualification testing of commercially or
vsndor developed items in advance of a
procurement action is not a prerequisite

52

i _______

-=: -..



. . . .. . . . . ..

241L-HDBK-115(HE)

for inclusion on a Specification Control
Drawing. If such testing or approval is
essential, the item is normally a candidate
for Source Control Drawing coverages;

o Vendor developed items are those products
of industries which normally provide
~tomer application engineering services

a commercial product line: their
products are commercially available from, a
specialized eegment of an industry.
Typical examples are epecial motors,
synchros, transformer, potentiometers,
hydraulic valves, carburetors, potted
servo-amplifiers, keyboards, tape readers;

o Altered items, selected items, and items
depicted in Federal, Hilitery, and recog-
nized Industry Association Standards or
Specifications, are not delineated on
Specification Control Drawings;

0 Specification Control Drawings are not used
to depict commercially developed or vendor
developed items upon which a design
act ivity has placed requirements in
addition to those normally provided by
vendors. Theee kinds of items are depicted
on either Selected Item Drawings or Altered
Item Drawings, as appropriate;

0 Thie standard, by itself, should not cause
preparation of Specification Control
Drawings for all applicable vendor items.
Preparation crLterLa for engineer ing
drawings are governed by the contract or
order; and

o Specification Control Drawings may be used
for competitive acquisition. A specifica-
tion control number is a control number and
ehould not be used as a part identification
number.

<> source Control Drawing. These depict an existing
commercial vendor item which exclusively
provides th~ performance, installation, and
interchangeable characteristics reguired for one or
more specific critical application. A guality
conformance inspection and approval procedure is
stated on fhe drawing or in a document referenced
on the drawing. The drawing includas the following
etatement:

I

I ---------.

53

. .
.--. —____



MIL-HDBK-115 (ME)

ll~~Ly ~~~ I!rE~ DEs~IBED c)~ THIS DRAWING ~EN

PROCURED FROM THE VENDOR(S) LISTED HEREON IS
APPROVED BY (name and address of cognizant
design activity) ,FOR USE IN T~ Application
SPECIFIED HEREON. A SUBSTITUTE ITEM SHALL NOT
BE USED WITHOUT PRIOR APPROVAL BY (name of
cognizant design activity) OR BY (name of
Government procuring aCtiVity).

IDENTIFICATION OF THE APPROVED SOURCE(S)
OF SUPPLY HEREON IS NOT TO BE CONSTRUED AS A
GUARANTEE OF PRESENT OR CONTINUED AVAILABILITY
AS A SOURCE OF SUPPLY FOR THE ITEM DESCRIBED
ON THE DRAWING.”

Source Control Drawing numbers are part
identification numbers. When more than one vendor
is listed on a Source Control Drawing for items
that are repairable and the repair parts are not
interchangeable, each vendor’s item is assigned a
dash-number of the Sourcs Control Drawing.

The drawing includes, under the heading “Approved
source(s) of Supplya’, the name and address or
manufacturer’s CAGE number, and item identificat-
ion number of each item that haB been teeted and
approved for use in the specific application
stated on the drawing. In addition, uso~c~

CONTROL DRAWING” is ahown adjacent to the title
block. The item(s) thus disclosed will be
identified in all subsequent actions (including
procurement) by the Source Control Drawing number.
When another vendores item ie qualified for stated
applications, or when a new critical application is
found, and all vendor ikens cited on the drawing
are approved for use in the new critical
application, the drawing may be revised, rather
than a new drawing iesued to show the vendor or
application. Each new vendor added must be
apprOved for all stated applications.

Note that altered items, selected items, and items
depicted in Federal, Military, and recognized
Industry Association Standards or Specifications
are not delineated on Source Control Drawings.

A Source Control Drawing discloses, as applicable,
configuration, dimensions of envelope, mounting and
mating dimensions, interface dimensional
.characteriatics, and limits to these dimensions.
As necsssary, it also discloses inspection and
acceptance teet requirements, performance, reli-
ability, maintainability, environmental, and other
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functional requirements, to ensure identification
and adequate reprocurement of an interchangeable
item. If an electrical or electronics (or other
engineering) circuit is involved, a schematic and
connection or
disclosure is ;~~~edap~~p~~~te~~~~~ma~~
referenced thareon), thereby providing sufficient
information for making external connections.

<> Altered Item Drawinq . The design activity
responsible for an alteration to a completed itam
preparas an Alterad Item Drawing. (When a vendor
activity document is referenced, the vendor data ia
eubinitted along with the Altered Item Drawing. If
vendor or original dasign activity data is un-
obtainable, the Altered Item Drawing will contain
the necessary information reguired to define the
raqulremente for that item before its! alteration. )
An Altered Item Drawing delineata.s complete detaila
of the alteration. The drawing will include tha
necessary information for identifying the item
before its alteration, including the original
identifying part number and, if it is a
commercially or vendor developed item, the name
(addrass if known), and manufacturerae CAGE number
of tha source of the original part. The name and
addresa of the source do not need to be furniehed
if the original part is a Government or Industry
standard itam. The notation llALTERED ITEK DRAWING:’
apPears adjacant to the title blOck.

Note that alterations may be shown on Detail
AasemlIly Drawings in lieu of a separata drawing,
providing the above requirement are net and the
altered item is noted as an ‘qALTERED ITEF!l’.

<> Selected Item Drawing. It dafines an existing
standard or design or vendor activity item with
further required selection or restriction of the
item for fit, tolerance, performance,
reliability within the range or limits prescrib~
for that item. (When a vendor activity document ie
referenced, the vendor data ie eubmittad along with
the selected item drawings. If vendor or original
design activity data is unobtainable, the Sslectad
Item Drawing containe the neceseary information
required to define the requirements for that item
prior to selection. ) Although physical modifica-
tion is not performed on the item, by virtue of
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I

the selection technique employed, it is demonstra-
tively different than those identified on the
document from which .eelection was made, In
addition, the drawing includes all necessary
information to identify the item prior .to its
delimited eelection including the
identifying

original
part number and, if it “

commercially or vendor developad item, the ‘~am~
(address if known), and manufacturer’s CAGE number
of the original source. The notation “SELSCTED ITEM
DRAWING” appaars adjacent to the title block.

<> Associated Parte Liete. A Parts List ie a tabulation of all
parts and bulk material (except those materials which
support a manufacturing process) used in the item to which
the list applies. The Parts List may be integral or
eeparate from the drawing. Generally, engineering drawings
for electronic components such as transmitter, receivers
and power suppliee are praparad with a eeparate Parts List.
When eeparate Parts Liete are required, a note “SEE SEPARATE
PARTS LIST’! is located above the title block of the parent
engineering drawing.
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APPENDIX D

ACRONYMS

AA
ABV
Amc
AMc/AMsc
AMCCOM

AN
ANSI
ASTM
ATP
AVSCOK
AWS
CADD
CAGE
CECOM
CICA
DAR
DAR-S6
DC
DOD
EMI
FAR
FCA
FSCM
GFE
GIDEP
11.s
IPR
1S0
LORA
MCRL
MICOM
MIL-STD
MS
NAS
NBS
NSN
PCA
PCB
PERT
PIP
QA
QAP
QC
QPL
REMs
RFI

Aluminum Association
Annual Buy Value
Army Materiel Command
Acquisition Method Code/Acquisition Method Suffix Code
Armament, Munitions, and Chemical Command,

Rock Island, 111.
Army-Navy (Standard)
American National Standards Institute
American SOCiety for Testing and Materials
Acceptance.Test procedure
Aviation systems Command, St. Leuie, Mo.
American Welding Society
Computer-Aided Design and Drafting
Commercial and Government Entities
Communications Eguipment Command, Fort Monmouth, N.J.
The ConUUisSiOn in Contracting Act of 1983
Defense Acquisition Regulation
Defense Acquisition Regulation Supplement No. 6
Direct Current
Department of Defense
Electro-Magnetic Interference
Federal Acquisition Regulation
Functional Configuration Audit
Federal Supply Code for Manufacturers
Government Furnished Equipment
Government-Induetry Data Exchange Program
Integrated Logistics Support
In-Procese Review
International Organization for Standardization
Level of Repair Analysis
Master Cross Reference List
Missile command, Redstone Arsenal, Huntsville, Ala.
Military Standard
Military Standard
National Aircraft Standards
Netional Bureau of Standard%
National Stock Number
Physical Configuration Audit
Printed Circuit Board
Program Evaluation and Review Technique
Product Improvaroent Program
Quality Assurance
Quality Assurance provisions
Quality Control
Qualified Product List
Reverse Engineering Management System
Radio Frequency Interference
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APPENDIX D

ACRONYMS
(Continued)

SAE Society of Automotive Engineers
SME Society of Manufacturing Engineers
TACOM Tank Automotive Command, Warren, Mich.

I TDP Technical Data Peckaqe
TROS COM Troop
VE Value

Support Commani, St. Louis, Ho.

Engineering
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J-C-30

.3-c-580

GG-P-455

TT-1-1795

TT-L-26

MIL-T-27

MIL-P-514

HIL-T-704
DOD-D-1OOO
FIIL.-E-2O36

MIL-c-3432

MIL-D-5480

MIL-C-6021
MIL-H-6088
MIL-S-6090

MIL-W-6858

HIL-I-6666
MIL-I-6868
J41L-S-6872
~~~.~-6875
UIL-H-7199

MIL-W-8611

APPENDIX E

REFERENCE DDCUNENTS

Federal Specifications

Cable and Wire, Electrical Power Fixed
Installation.

cord, Flexible, and Wire, Fixture,
Electrical O to 600 Volt Service.

Plate and Foils, Photographic Photosensitive
Anodized Aluminum.

Ink, Marking Stencil, Opaque, fir
Nonporous Surfaces, Metals, Glass, ‘etc.

Lacquer, Cellulose Nitrate, Brushinq, Gloss

Military Specifications

Transformers and Inductors (Audio, Power, and
High Power Pulse), General Specifications for.

Plate, Identification, Instruction and
Marking Blank.

Treatment end Painting of Material.
Drawinqe, Engineering and Associated Lists.
Enclosure for Electrical and Electronic Equipment,

Naval Shipboard.
Cable and Wire, Electrical Power and Control,

Flsxible and Extra Flexible, 300 and 600 Volts.
Data, Engineering and Technical, Reproduction

Requirements for.
Castings, Classification and Inspection of.
Heat Treatment of Aluminum Alloys
Steels Used in Aircraft Carburizing and Nitriding,

Process for.
Welding, Resistance, Aluminum, Magnesium,

Non-Hardenina Steele or Allovs, Nickel Allows,
Heat ReSisti;g Alloys, and T~tinium, Spot aid”
Seam.

Inspection, Penetrant Method of.
Inspection Process, Magnetic Particle.
Soldering Process, General Specification for.
Heat Treatment of SteelS.
Heat Treatment of Wrought Copper-Beryllium AllOye,

Process for (Copper Alloys: Numbers 170, 172,
and 175).

Welding Metal Arc and Gas, Steele, and Corrosion
and Heat Resistant Alloys, Process for.
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MIL-Q-9858
MIL-G-10944
MIL-P-11268

MIL-R-11468

MIL-R-11469

MIL-R-11470

MIL-M-11472

NIL-M-11473

MIL-C-12044
MIL-W-12332

MIL-S-12515
MIL-M-13231
MIL-S-19500
MIL-P-19834

MIL-W-21157

MIL-W-22248
MIL-I-25135
MIL-V-38352
MIL-I-45208
MIL-W-4521O

!41L-W-45223
MIL-T-50301

MIL-T-60530

FED-s’rD-66
FED-STD-151

MIL-HDBK-115(ME)

APPENDIX E

Military Specifications
(continued)

Quality Program Requirements.
Gages, Dimensional Control.
Parts, Materials, and Process Used in

Electronic Equipment.
Radiographic Inspection, Soundness Requirements

for Arc and Gas Welds in Steel,
Radiographic Inspection, Soundness Requirements

for Steel Castings.
Radiographic Inspection, Qualifications of

Equipment, Operators and Procedures.
Magnetic Particle Inspection, Process, for

Ferromagnetic Materials.
Magnetic Particle Inspection, Soundness

Requirement for Weldments.
chests, Plywood.
Welding, Resistance, Spot, Seam, and Projection;

for Fabricating Assemblies of Low Carbon Steel.
Surface Hardening: Flame Induction.
Marking of Electronic Iteme.
Semiconductor Device, General Specification for.
Plates, Identification, Metal Foil,

Adhesive Backed.
Weldment, Steel, Carbon and Imw Alloy Yield

Strength, 30,000 - 60,000 PSI.
Weldments, Aluminum and Aluminum Alloys.
Inspection Material, Penetrant.
Value Engineering Program Requirements.
Inspection System Requirements.
Welding, Resistance, Spot, Weldable

Aluminum Alloye.
Welding, Spot, Hardenable Steels.
Technical Data: Quality Control System

Requirement fOr.
Technical Data Package for,AHC Materiel.

,

Federal Standards

Steel: Chemical Composition and Hardenability.
Metals; Teet Methods.

I
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APPENDIX E

MIL-STD-12

MIL-STD-22
MIL-STD-29
141L-STD-34

DOD-STD-1OO
MIL-STD-102
MIL-STD-105

MIL-STD-120
MIL-STD-130
MIL-STD-143

141L-STD-171
MIL-STD-195
MIL-STD-198
MIL-STD-199
MIL-STD-209

MIL-STD-21O
NIL-STD-41O

MIL-STD-419

MIL-STD-423

MIL-STD-42 4

MIL-STD-453
MIL-STD-454

MIL-STD-470
MIL-STD-471

DOD-STD-480

MIL-STD-481

MIL-STD-616

MIL-STD-645
MIL-STD-6131

Militarv Standards

Abbreviations for Use on Drawings, Specifications,
Standards and in Technical Documents.

Welded Joint Designs.
Springs, Mechanical; Drawing Requirements for.
Preparation of Drawinge for Optical Elements and

Optical Systems, General Requirements for.
Engineering Drawing Practices.
Anti-Friction Bearing Identification Cade.
Sampling Procedures and Tables for Inspection by

Attributes.
Gage Inspection.
Identification Marking of U.S. Military PrOpertY.
Order of Precedence for the Selection of

Standarde end specifications.
Finishing of Hetal and Wood Surfaces.
Marking of Connections for Electrical Assemblies.
capacitor, Selection and Use of.
Resistors, Selection and Use of.
Slinging and Tiedown Provisions for Lifting and

Tying Down Military Eguipment.
Climatic Extremes for Military Eguipment.
Non-Destructive Testing Personnel Qualifications

and Certification.
cleaning and Protecting Piping Tubing and Fittings

for Hydraulic Power Tranemiesion Eguipment.
Chain, Roller, Conveyor, Standard and Large

Rollere, Flat Link Plates, Double Pitch, Single
Strand, Connecting Links and Attachment Links..

Chain, Roller, Power Transmission Offset Sidebars,
Single Pitch.

Inspection, Radiographic.
Standard General Reguiremente for Electronic

Eguipment.
Maintainability Program Requirements.
Maintainability/Verification/Demonstration/

Evaluation,
Configuration Control - Engineering Changes,

Deviations and Waivers.
Configuration Control - Engineering Changes,

Deviations and Wavers’ (Short Form).

Zxtinguiehers, Fire, Flonobromotrifluoramethane,
Portable, Hand and Wheeled Types, Capacities
and Cylindrical Dimensions.

Dip Brazing of Aluminum Alloys.
Identification Coding and Application of

Hookup and Lead Wire.

I
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APPENDIX E

MIL-STD-690
MIL-STD-701
MIL-STD-721

C41L-STD-756
nIL-sTD-757
MIL-STD-781

MIL-STD-7B5

MIL-STD-790

!41L-sTD-882
MIL-sTD-889
MIL-STD-961

141L-STD-1261

1

MIL-sTD-1272
MIL-STD-1285
MIL-STD-1472

1 MIL-STD-1474
MIL-sTD-1521

1
I MIL-STD-45662

Military Standards
(continued)

Failure Rate Sampling Plana and Procedures.
Lists of Standard Semiconductor Devices.
Definition of Effectiveness Terms for Reliability,

Maintainability, Human Factors, and Safety.
Reliability Prediction.
Reliability Evaluation fron Demonstration Data.
Reliability Design Qualification and Production

Acceptance Teste: Exponential Distribution.
Reliability Program for Systsms and Equipment

Development and Production.
Reliability ASSUraIIC@ Program for Electronic

Parts Specifications.
system Safety Program Requirements.
Dissimilar Meta~s.
Outline of Forms and Instructions for the

Preparation of Specifications and Associated
Documents.

Welding Procedures for Constructional Steels.
Door Hardware, Vehicular.
Marking of Electrical and Electronic Items.
Human Engineering Design Criteria fOr Military

Syetems, Equipment, and Facilities.
Noise Limits for Army Material.
Technical Reviews and Audite for Systeme,

Equipment, and Computer Programs.
Calibration system Requirements.
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APPENDIX E

Industry Standards

Aluminum Association (AA)
Aluminum Standards and Data.

American National Standards Institute (ANSI)
ANSI B4.1 Preferred Limits and Fits for
ANSI B29.1

ANSI B46.1
ANSI C37.2

ANSI Y14.1
ANSI Y14.5
Drawings.
ANSI Y14.17
MJSI Y32.1O
ANSI Y32.16

Cylindrical Parts.
Precision Power Transmission Roller Chains,

Attachments, and Sprockets.
Surface TeXtUrf?.
Manual and Automatic Station COntrOl, Supervisory,

and Associated Telemetering Equipments.
Drawing Sheet Size and Format.
Dimensioning and Tolerancing for Engineering

Fluid Power Diagrams.
Graphic Symbols for Fluid Power Diagrams.
Reference Designation fOr Electrical and

Electronic Parts and Equipments.

American Society for Testinq and Materiale (ASTM)
ASTM A400 Standard Recommended Practices for Selection of

Steel Bar Compoeitione According to Section.
ASTM A576 Special Quality Hot Rolled Carbon Steel Bars,

Specification for.
ASTM B108 Aluminum Alloy Permanent Mold Castings,

Specification for.
ASTM B211 Standard Specification far Aluminum Alloy Base,

Rods and Wire.
ASTN E380 Standard for Metric Practice.

Societ y of Automotive Enqineers ( )-SAE
SAE J403 Chemical Compositions of SAE Carbon Steels.
SAE J414 Estimated Mechanical Properties and Machinability

of Hot Rolled and Cold Drawn Carbon Steel Rods.

Society of Manufacturing Engineers (SME)
Designing for Economical Production, Chapter 6.
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APPENDIx E

HIL-HDBK-53
MIL-HDBX-108

MIL-HDBK-132
MIL-HDBK-139
MIL-HDBK-204
MIL-HDBK-217
MIL-HDBK-223
MIL-HDBK-472
MIL-HDBK-691

14ilitarY Handbooks

Guide for Sampling Inspection.
Quality Control and Reliability Sampling

Procedures and Tables for Life and Reliability
Testing Based on Exponential Distribution.

Protective Finishes.
Plastics, Proceeding of.
Inspection Equipment Design.
Reliability Prediction of Electronic
Coded List of Materials.
Maintainability Prediction.
Adhesives.

U.S. Department of Commerce
Netional BUreaU of Standarde (NBS)

I NBS Monograph 88 Heat Treatmant and Properties

1 FED-STD-H28

AMCP 702-3
AMCP 706-100
AMCP 706-104
AMCP 706-125
AMCP 706-133
AMCP 706-134
AMCP 706-195
AMCP 706-196
AMCP 706-197
AMCP 706-1913
AMCP 706-199
AMCP 706-200

Eguipment,

of Iron and
Steel.

Screw-Thread Standards

AMC Pamphlets

for Federal Services.

Quality Aseurance Reliability Handbook.
Design Guidance for Producibility.
Value Engineering.
Electrical wire and Cable.
Maintainability Engineering Theory and Practice.
Maintainability Guide for Design.
Design Guide fOr Reliability, Part One.
Design Guide for Reliability, Part Two.
Design Guide for Reliability, Part Three.
Design Guide for Reliability, Part Four.
Design Guide fOr Reliability, Part Five.
Design Guida for Reliability, Part Six.

I
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AP”PENDIX E

Miscellaneous Publications

DOD-HDBX 501O.8-H
DL?Jl B200.1

DOD 4140.26M VOL.I

DAR

DAR SECTION I
DAR SECTION VII

DAR SECTION IX
DAR SECTION XIII
AR 70-37

AR 715-5

AMCR 70-B

AMCR 70’-46

DARCOM-HDBK 700-1.1

DARCOM 700-2.1
DARCOM(R) 702-10

MECOM REGULATION 702-10

DARCOM SUPPL 1 TO AR 70-37
14ERADCO14REGULATION 10-1

MERADCOM REGUI.ATION 702-6
MERADCOM SUPPL,TO AUCR 70-8

MERADCOM SUPPL 1 TO AR 70-37
DA PAMPHLET 5-4-5
TM 38-750

RADC-TR-69-458

Value Engineering.
Procurement Quality Assurance

Manual.
Defense Integrated Material

lianagement Manual for
Consumable IteIU, VO1.I
Commodity Oriented Item.

Defense Acquisition
Regulations.

General Provisions.
Contract Clauses & Solicitation

Provisions
Patents, D2te, and Copyrights,
Government Property.
Research and Development

Configuration Management.
Department of Defense

Priorities and Allocations
Manual.

DARCOM Value Engineering
Pr”ogram.

Technical Data Package for
Procurement and Production
of AMC Material.

Integrated Lagistics Support
Primer.

I.ogistica support Analysis
Quality Assurance Provisions

for Army Material.
Inspection Eguipment Design,

Supply, and Maintenance.
Configuration Management Plan.
organization Mission and

Functions Manual.
Product Assurance Program.
DARCOM Value Engineering

Prbgram.
Configuration Management.
Value Engineering Handbook.
The Army Maintenance Management

System.
Rome Air Development Center

Non-Electronic Reliability
Notebook.

International Organization for Standardization

1S0 Ii468 Surface Roughness.
1S0 R1938 System of Limits and Fits for Metric Units.
1S0 R1051 Rivet Shank Diameters.
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MIL-HDBK-115(ME )

APPENDIX E

Miscellaneous Publications

DOD-HDBK 501o.B-H
DLAM 8200.1

COD 4140.26M VOL.I

DAR

DAR SEcl’loti~
DAR SECTION VII

DAR SECTION IX
DAR SECTION XIII
AR 70-37

AR 715-5

AMCR 70-8

AMCR 70-46

DARCOM-HDBK 700-1.1

DARCOM 700-2.1
DARCOM(R) 702-10

MECOM REGULATION 702-10

DARCOM SUPPL 1 TO AR 70-37
MERADCOM REGULATION 10-1

MERADCOM REGULATION 702-6
MERADCOM SUPPL TO AMCR 70-8

MKRADCOM SUPPL 1 TO AR 70-37
DA PAMPHLET 5-4-5
TM 38-750

RADC-TR-69-458

Value Engineering.
Procurement Quality Assurance

Manual.
Defense Integrated Material

Management Manual fOr
Consumable Item, VO1.I
commodity Oriented Item.

Defenee Acquisition
Regulations.

General Provisions.
Contract Clauses & Solicitation

Provisions
Patents, Data, and Copyrights.
Government Property.
Research and Development

Configuration Management.
Department of Defense

Priorities and Allocations
Manual.

DARCOM Value Engineering
Program.

Technical Data Package for
Procurement and Production
of AMC Material.

Integrated LOgistiCe Support
Primer.

Logistics Support Analysis
Quality Aseurance Provisions

for Army Material.
Inspection Equipment Design,

Supply, and Maintenance.
Configuration Management Plan.
Organization Mission and

Functions Manual.
Product Assurance Program.
DARCOU Value Engineering

Prbgram.
Configuration Management.
Value Engineering Handbook.
The Army Maintenance Management

System.
Rome Air Development Center

Non-Electronic Reliability
Notebook.

International Organization for Standardization

1S0 R468 Surface Roughness.
1S0 R1938 System of Limits and Fits for Metric Units.
1S0 R1051 Rivet Shank Diameters.
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NSN :

NOMENCLATURE :

PART NUMBER:

UNIT PRICE:

REPAIR CODE:

AVERAGE YEARLY DEMAND:

ANNUAL BUY VALUE:

QUANTITY

QUANTITY

IN STOCK:

DuE IN:

NUMBER ITEMS IN FIELD:

PRIORITY:

REASON :

NEXT HIGHER ASSEMBLY:

LOWER ASSEMBLY:

CURRENT AMC/AMSC:

CURRENT SOURCE:

ITEM NANAGER:

OTHER PERTINENT FACTORS :

MIL-HDBK-115(ME)
DATA CALL SHEET

Figure 2: Sample Data Call Sheet (3.1.2.1)
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MIL-HDBK-115 (ME)
TEST PLAN

I

I

NOMENCLATURE :
NSN !..-. .
%E

1.0

2.0

3.0

3.1

3.2

3.3

PURPOSE

The purpose of this TeSt Plan is to ensure that the
(nomenclature) conforms to the contractual

requirements, applicable Government Standards and
specifications, and the Technical Data Package (TDP)
developed for competitive procurement.

REFERENCED DOCUMENTS

(number and title)

No. Acceptance Test Procedure for (nomenclature)
MIL-STD-45662; Calibration System Requirements

DEFINITION OF TEST PIAN

Introduction

The (nomenclature)
unit -or- subassemblies
with the Acceptance

will be tested as
-or component parte)

Test Procedure
developed as pari of this Test Plan.

Definition of Terms

TDP - Technical Data Package
ATP - Acceptance Test Procedure

Test Schedule
,,

Each [nomenclature) manufactured to

an (assembled
in accordance
(ATP), No.

the Technical
Data Package (TDP) will”be tested upon receipt from the
supplier.

Figure 3: Sample Test Plan Format (3.1.2.3)
(Page 1 of 3)
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3.4

3.5

3.6

3,-I

4.0

141L-HDBK-115(ME )

TEST PLAN
(Continued)

Test Procedure

An ATP will be prepared for the (nomenclature)
The ATP will include: Table of Tests; Test Equipment an;
Test” Fixtures required; specific Test Methods to accomplish
the tests; and Teet Data Sheets. ThO test methods will be
a step-by-step process to be utilized to accomplish the
tests required. The test data sheete will define the
acceptance/ rejection criteria for all test parameters as
well as provisions for recording actual measurements and
pass/fail notations.

Test Equ ipment

All test eguipmant used for measurements tiuring acceptance
testina will have evidence of current calibration in cOlil-
plianc~ with the requirements of
e~iPm@nt and test fixtures WiU

Number

Equipment to be Tested

Each of the protatype units will
for all of the characteristics
sheets of the ATP.

Classification of Defecte

MIL-C-45662 . The specific
ba listed in the ATP

be eubjected ta
listed in the

100% test
test data

Departure from the limits specified in the ATP and the test
data sheets are considered ta be major defects. Any defect
discovered during the performance of the acceptance test
will result in rejection of the unit under test.

DISPOSITION OF REJECTED MATERIAL

Units which fail the requirement@ of the Technical Data
Package (TDP) or the ATP will be evaluated and returned to
the eource for repair/ replacement. Dependent on the
nature of the failure/rejection, failure analysie and/or
corrective action may be required for both the hardware and
the TDP.

Ffgure 3: Sample Test Plan Format (3.1.2.3~
(Page 2 of 3)
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MIL-HDBK-115 (ME)

TEST PLAW
(continued)

5.0 RECORDS

Test data sheets will be completed for each unit
fabricated.
All records generated for this task will be retained for
not less than nine (9) months after completion of the task.

6.0 CORRECTIONS TO THE TECHNICAL DATA PACKAGE (TDP~

When the teSt failure is attributed to an error or
deficiency in the TDP, the discrepancy will be recorded and
submitted to the Quality Control Department for approval,
prior to updating the TDP.

I

Fiqure 3: Sample Test Plan FOrmat (3.1.2.31
(Page 3 of 3)
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MIL-HDBK-115(ME )

I

I

I REVERSE ENGINEERING ECONOMIC ANALYSIS

MECH ELEX
HOURS HoURS

ITEM PER PER EST. NO. TOTAL

NO. FUNCTION lTEM ITEM OF ITEMS EST. HRS.

1 RECEIVE ITEM & ENTER IN
REvERSE ENGINEERING
MANAGEMENT SYSTEM (REMS) 2 2 1

2 RSVIEW GFE & RETRIEVE
ADDITIONAL DATA 8 8 1

3 IDENTIFY/REVIEW TEST DATA.
VALIDATE OR DEVELOP TEST
PROCEDURES 40 120 1

4 IDEIJTIFY PARTS AND
DRAWINGS REQUIRED 8 24 1

5 DISASSEMBLE-CONDUCT PCA 24 24 1

6 DEVELOP SCHEDULE AND REVERSE
ENGINEERING PLAN 8 3 1

7 CONDUCT DIMENSION
ANALYSIS 2 4

8 DEVELOP LEVEL THREE
DRAWINGS 16 16

9 CONDUCT PRODUCIBILITY
AND Q/A ANALYSIS 12 24

10 REVIEW DPAWINGS AND
PROTOTYPE COST W/CUSTOMER .5 1.0

11 INITIATE PROCUREMENT
ACTION FOR PROTOTYPE AND/
OR PARTS 3 3

12 RECEIVE PROTOTYPES,
INSPECT, ASSEMBLE, TEST 8 24

13 PREPARE REPORTS (TECH)
PEP. REPORT 2 2

TOTAL HOURS FOR REVERSE ENGINEERING FUNCTIONS

Figure 4: Sample Cost-Estimating Guide (3.1.2.4)
Page 1 of 5

71



MIL-HDBK-115 (ME)

A. REVERSE ENGINEERING COSTS

B.

1.

2.
3.
4.
5.

6.
7.

REVERSE ENGINEERING PROCESS _TOTAL HOURS X
C024POSITE RATE

.

COST OF RENTAL EQUIPMENT FOR ANALYSIS & TEST
LABORATORY COST (MATERIAL ANALYSIS)
DELAMINATION OF COMPLEX ELEX BOARDS
PROTOTYPE COST (AT LEAST ITEM UNIT COST)
x UNIT QUANTITY
SPECIAL TOOLING COST (BEST ESTIMATE)
TOTAL ESTIMATED COST TO RNERSE ENGINEER

ESTIMATED PROCUREMENT COST

1. ESTIMATED PROCUREMENT COST PER UNIT
2. ANNUAL BUY QUANTITY
3. PRE-REVERSE ENGINEERING ANNUAL BUY VALUE

(B.1 X B.2)

c. ESTIMATED ANNUAL SAVINGS AFTER ENGINEERING
(25% X B.3)

D. ESTIMATED ANNUAL BUY VALUE AFTER REVERSE
ENGINEERING

(B.3 - c)

E. FIRST YEAR COST AFTER REVERSE ENGINEERING
(A:7 + D)

F. MINIMUM ESTIMATED COST (SAVING OR LOSS) OVER
ESTIMATED REMAINING SERvIcE LIFE oF _
YEARS

(B.3)
Pre-Reverse
Engineering

Annual
Buy Value x

(A.7)
Reverse

Engineering +
cost

Figure 4: Sample

— year’ MINUS

(D)
Eet. Annual Buy
Value After Reverse x Years
Engineering

Coat-Eatimating
Page 2 of 5
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I
3iIL-HDBK-l15(i4E)

1
G. SAVINGS CONSIDERING COST OF MONEY OVER SERVICE

LIFE OF YEARS .
~g~r=te of 10%)

1 Monthly Payback of Amount of (F) from Interest Table x
12 Mo. X _ Years.

Figure 4: Sample Cost Estimating Guide (3.1.2.4)
Page 3 of 5
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MIL-HDBK-115 (ME)
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Figure d: Sample Cost Estimating Guide (3.1.2.4)
Page 4 of 5
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MIL-HDBK-115(ME)

MONTHLY 10.00%
PAYMENTREWIRED TOAMORIWEA LOAN
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?.1? 1.17 0.60 ::J: 0.17 ::% lab 1.13 ?.21 7.03 6.s0 :.!:
10.34 9.98 !.68 *.20 a.a4 0.6? 8.10 1.*O 1.1* .

11.4$ 11.09 10.75 :::: 10.22 !0.00 9.12 9.&b *..39
21.96

1.18 #.&o 8.30
22.11 :;.:: 20.63 20.00 19.43 19.31 in.la 11.56

34.64 33.1s 31:31 30.b4
17.20 16.9*

30.00 29.44 2s.96 31.21
4s.!2 64.33 ;;:;~ 41.M

26.33 25.80 25.4A
*O.15 60.00 >$.16 s*.bl 3*.M 35.11 3*.m 33.91

S1.40 S5.62 . 52.30 51.01 50.00 4*.07 68.26 ●3.44 43.80 42.*1 *Z.-

b#.89 bb.so M.4B 32.16 bl.aa 60.00 Se.z.a p;; 34.53 52.66 S1.5? so.*S
aO.35 17.58 75.23 73.22 11.+* ::::: fi.:; 63.61 *1.+4 30.10 59.45
*1.83 ::::: 15.?7 ;3.:: nl.lo
103.31

11.21 72.70 10.21 40.70 ;;:;;
?6.13 91.$1 a*,ll M:32 M.B6 01.19 10.99 71,30

114.19 110.83 101.61 IW.60 102.13 9*.*9 *8.13 !3..51 90.88 11.16 Os.!1 34.92

136.21 131.?1 11#.21 115.05 112.34 1.x.?? 101.94 tOb.lb 9*.vb 96.54 *4.51 !3.*1
131.1S 132.99 i28.~& 125.51 122-SS llq.99 117.7b 11$.$1 109.05 105.31 103.17 IGI.90
1+!.23 144.01 1S!.70 135.$7 112.76 13*.$8 127.57 12S.43 110.14 114.09 111.7b 110.39
ibO.70 155.15 lSO.45 146.43 142.97 339.9B J37.3B 335.11 121.22 122.b7 12b,3b 118.6*
113.11 Mb.2b 161.ZO 1$*.1* 1S3.!9 14!.31 141.19 1**.?b 136.31 131.66 123.*6 121.>8

lm~.bb 111.32 111.W 161.25 163.*O 159.*a 1s1.01 154.41 t~s:*O 140.42 131.s5 135.mI
1!s.14 111.40 112.6* 117.81 112.61 16*.*8 166.82 164.04 154.4# 1*9.1* Ibb.ls 1*4.36
206.62 1?!.40 1$1.43 111.27 183.~2 119.*8 176.6> 11S.11 163.57 151.*7 15,.7, 152.0s
211.10 210.56 204.11 L1@.lS 1*4.01 18*.*1 lab.64 163.3b 112.66 166.14 lb3.34 161.36
22?.57 221.*5 21+.!3 20?.1! 20+.25 l*?.?J 1*6.26 1!3.01 101.?5 175.52 171,3+ lb9.s3

161.05 232.?3 225.6? 219.M 214.+6 209.97 206.01 202.bb 1!0.33 186.30 l#O.s4 171.33
252.s3 243.s1 236..2 ZJO.10 22*.6? 21$.31 Zls.at 212.31 1?9.!2 193.07 lm.13 Iab.u
2b4.01 254.#Q 247.ib 240,56 236.33 229.97 225.69 221.w ?09.Oi 201.#5 197.73 195.31
215.4! 26S.91 231.*I 2S1.02 24S.10 239.*I 21S.S1 231.*1 21~.09 210.b2 206.33 203.80
266.*1 2!1.06 Ibh.hd 261.41 255.31 249.*I 245.32 241.26 221.lt 219.+0 214.+2 212.2$

298.4S 21~.1*.21*.U 271.!4 26S.S2 259.9b 2S5.13 250.91 3.3641 zza.11 2u.51 220.la
309.92 2w22 2*0.Is 282.40 215.13 2bw*b 2M.*+ 260.36 2.s.33 236.9s 232.12 22*.27
321.40 310.30 300.0? 2*2.33 20S.!4 21!.?* 214.76 270.21 254.6 24S.13 240.71 231.71
33z,*a 321.31 311.66 303.12 2*6.16 261.*b 2C*.57 27*.M ?$3.$3 25+.50 26v.31 24b.24
344.)b 3)2.*1 322.S9 313.78 306.31 299.96 29+.51 2S?.S1 212.62 263.2~ 2$1.$1 254.15

355.84 343.SS 333.13 324.23 316.58 30?.9b 30+.20 2**.16 .?~l.TO 212.05 26&.50 263.2+
361.31 334.b3 341.18 U4. bV 32b.79 11!.1S 314-01 30S.11 2S8.7? 280.11 215.10 ,211.73
311.1? 3b3.71 354.42 342.15 337.00 32?.$5 321.02 310.66 299.88 2#9.60 283.10 280.22
390,21 376.19 365.31 352..61341.22 33v.v5 333.63 326.11 308.96 29t.3$ 292.29 206.71
W1.15 3a1.*m 316.12 3*..O1 351.+3 349.*5 3*3.*5 331.16 31s.05 301.16 300.S* 2*1.21

bll.Z3 391.% 386.~6 S16.53 361.66 3S9.93 333.26 34?.4t 327.1* 315.93 309.4t 30S.?0
424,11 410.06 3$7.61 38b.99 311.8s 3b9.~S 343.01 357.06 336.22 324.11 318.08 31*.1*
636,1* 421.12 408.35 391.*5 300.02 319.*5 312.lc 334.11 345.31 333.+8 3Z6.68 322.68
467.61 632.20 41*.10 *OI.W 3WZ8 339.*. 382.80 376.36 3s4.+0 M2.2b 32s.2s 331.tl
4,$?.1+4+3.29 +29.*S 41!.31 *ON.+* >99.94 3*Z.SI 386.01 3b3.+* 351.05 343.*1 339.66

+10,62 45+,31 4+0.59 424.- 414.10 +0!.!4 +02.31 35,66’ 312,57 359.01 3s2.41 3*5.15
.az,:o 465.*5 4s1.34 43!.2d 423.91 41!.!* 612.13 bos.31 M1.bb lba.s! 161.01 3s.6s
4~1.S1 412..S3 462.09 449.14 439.13 421.W 421.!S 416.M 3$0.15 317.36 36*.66 365.14
505.Ob aal.bl 412.83 460.20 66%1+ +39.S4 *51.16 626.61 39*.13 396.14 376.26 373.63
5ik.54 498.10 453.SS 41Q.66 45*.S5 44$.93 441.S1 434.26 603.S2 394.91 386.6 312.12
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MIL-HD.SK-115 (::2)

INSTEUCTIONSPOR PREPARATIONOF
suMIANYAND VE PSDPOSAL

VE STUOY

1. General. III accordance with AR 5-4, all in-house VE propoaala must be the

rec. ults of a Value Enai”neering Study. This’ form wan designed to combine the two-.
functions of documenting the ntudy effort and preaentacion of the W proposal.

2.

●

of

proposal preparation. Instructions for preparation of STRSE-Fli 13-S.

Block: VE STUOY OR PROJECT t?3 - Obtain from tbe BRDEC VEPII.

Slock: ORICIXATOR’SWU4E,TITLE.SIGNATURE- Name of person(s)responsible
for the proposal.

Block: OATE. OFFICE, PRONE S.3 - Self explanatory

Slock (1) - Provide the name of the item or part being studied, plus part

no. If available.

Block (2) - Provide the name of the major end item, process or system for
item being studied. Ex. Engine-Driven Cenerator.

Block (28) - List appropriationcode, program element number IAW AR

37-100-s4. EX. AC: ONA, PE: 664714.19400.

Block (3) - INFoRMATION PHASE. Record ell pertinent information and data
you have gathered; anything that has an influence on the item being studied.

Block (4) - FUNCTION. Oescribe the primary function o? the item being
studied in the verb-noun format; e.g. Tbe primary function of a file cabinet
rrmy be co “organize files”.

Slock (5) - SPECULATION PHASE. List (at least two) alternative solutions
being considered, one of which will be selected for the VS pK0p0S81.

Slock (6) - EVALUATION PHASE. In brief terms describe advantages and disad-
vantage of ●ach alternative listed in Block 5, above.

Block (7) - DEVELOPMENT PtiSE.

a. Need for Change. Enter either the p~oblem the vEP intends to

correct, or the new capability the VSP intends to provide.

b. Indicate selected alternative and why it wan selected.

c. List known contracts which will

Block (S) ● - Liet all costs required to

Block (9) * - Estimated savings.

Block (10) * - Onit e.avings.

be affected by this change.

implement the alternative/change.

Cost estimates should be supportable aod documental ion furnished.

Block [11) - DISPOSTIOfl. Approval/disapproval must be indicated. Signature

irmnediate supervisor.
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